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ABSTRACT
AN INQUIRY INTO THE NATURE AND MECHANISM OF ADDITION OF 
ORGANOCADMIUM REAGENTS TO SIMPLE CARBONYL COMPOUNDS
by
WILLIAM J .  KAUFFMAN
The a d d i t i o n  o f  i n  s i t u  organocadm ium  r e a g e n t s  t o  
s im p le  c a r b o n y l  compounds h as  b e e n  i n v e s t i g a t e d .  R e a c t io n  
was o b se rv ed  t o  o c c u r  r a p i d l y  i n  d i e t h y l  e t h e r  when i o d id e  
i o n  (M g ^ )  was p r e s e n t .  The amount o f  a d d i t i o n  was c o n s i d e r ­
a b l y  d im in is h e d  when t e t r a h y d r o f u r a n  was u s e d  a s  s o l v e n t ,  o r  
i f  i o d id e  io n  w as n o t  p r e s e n t .  The a lk y lc a d m iu m  h a l i d e s  
w ere  u n r e a c t i v e  to w a rd  k e to n e s ,  b u t  w e re  a s  r e a c t i v e  a s  
t h e  i n  s i t u  d ia lk y lc a d m iu m s  tow ard  a l d e h y d e s .  The a ld e h y d e s  
s t u d i e d  r e a c t e d  a lm o s t  q u a n t i t a t i v e l y  w i t h  i n  s i t u  d i a l k y l -  
cadmium o r  a lk y lc a d m iu m  h a l i d e  r e a g e n t s  r e g a r d l e s s  o f  th e  
h a l i d e  p r e s e n t .
The s t e r e o c h e m i s t r y  o f  a d d i t i o n  o f  i n  s i t u  and 
" r e c o n s t i t u t e d "  d im ethy lcadm ium  r e a g e n t s  t o  4 - t . - b u t y l c y c l o -  
hexanone was i n d e p e n d e n t  o f  t h e  h a l i d e  p r e s e n t ,  e x c e p t  i n  
t h e  c a se  o f  ( I , C l ) .  More a x i a l  a t t a c k  was n o te d  f o r  th e  
d im ethy lcadm ium  r e a g e n t s  th a n  f o r  t h e  c o m p a ra b le  G r ig n a rd  
r e a g e n t s .  The s t e r e o c h e m i s t r y  o f  a d d i t i o n  o f  th e  d im e th y l ­
cadmium r e a g e n t s  was found  t o  be  i n d e p e n d e n t  o f  th e  amount o f  
h a l i d e  (MgX9) p r e s e n t ,  u n t i l  t h e  am ount was re d u c e d  t o  oneZ ;
ix
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e q u i v a l e n t ,  when more a x i a l  a t t a c k  o c c u r r e d .  The s t e r e o ­
c h e m is t r y  o f  t h e  G r ig n a rd  r e a c t i o n s  was o b se rv ed  t o  b e  
d e p en d e n t  b o t h  on th e  h a l i d e  p r e s e n t  and on c o n c e n t r a t i o n .  
These d i f f e r e n c e s  betw een t h e  d im e thy lcadm ium  and G r ig n a r d  
r e a g e n t s  a r e  r a t i o n a l i z e d  by  c o n s i d e r i n g  a  f o u r - c e n t e r  
m echanism  f o r  t h e  cadmium r e a c t i o n s  and  a  s i x - c e n t e r  
m echanism  f o r  t h e  G r ig n a rd  r e a c t i o n s .
The r e a c t i o n  o f  d i - n - p ro p y lc a d m iu m  r e a g e n t s  w i t h
>
4 - t - b u t y l c y c l o h e x a n o n e  d i f f e r e d  f ro m  t h a t  o f th e  m e th y l  
r e a g e n t s  i n  s e v e r a l  ways. F o r  e x a m p le ,  th e  s t e r e o c h e m i s t r y  o f  
th e  a d d i t i o n  p r o d u c t s  was d e p e n d e n t  on th e  h a l i d e  p r e s e n t  f o r  
th e  p r o p y l  cadmium r e a c t i o n s  b u t  n o t  f o r  th e  p r o p y l  G r ig n a r d  
r e a c t i o n s .  The r a t i o  o f  a d d i t i o n / r e d u c t i o n  was fo u n d  t o  
v a ry  from  1 . 5 - 2 . 2  f o r  th e  G r ig n a r d  r e a c t i o n s ,  w h i le  t h a t ,  
o f  t h e  cadmium r e a c t i o n s  v a r i e d  f ro m  7 .7 - 1 0 . 0 .  T h is  
i n d i c a t e d  t h a t  t h e  a d d i t i o n  p a th w a y  was p r e f e r r e d  i n  t h e  
r e a c t i o n s  o f  t h e  cadmium r e a g e n t s . The r e d u c t io n  p r o d u c t  
s t e r e o c h e m i s t r y  was d e p e n d e n t  on t h e  h a l i d e  p r e s e n t  i n  
th e  G r ig n a r d  r e a c t i o n s  b u t  was i n d e p e n d e n t  o f  h a l i d e > f o r  
th e  cadmium r e a c t i o n s .  More a x i a l  a l c o h o l  r e s u l t i n g  from  
e q u a t o r i a l  r e d u c t i o n  was o b s e rv e d  w i t h  t h e  cadmium r e a c ­
t i o n s  t h a n  w i t h  th e  G r ig n a rd  r e a c t i o n s .  No e q u i l i b r a t i o n  
o f  t h e  r e d u c t i o n  a l c o h o l s  was o b s e r v e d  i n  th e  r e a c t i o n s .
The s t e r e o c h e m i s t r y  o f  a d d i t i o n  o f  i n  s i t u  
d im e th y lcad m iu m  r e a g e n t s  t o  a  s e r i e s  o f  a c y c l i c  a ld e h y d e s  
( 2 - p h e n y l p r o p a n a l ,  2 - p h e n y l b u t a n a l ,  3 - m e th y l - 2 - p h e n y l -  
b u t a n a l )  was i n v e s t i g a t e d .  The cadmium r e a c t i o n s  w e re  
o b se rv e d  t o  b e  l e s s  s t e r e o s e l e c t i v e  t h a n  th e  G r ig n a r d  
r e a c t i o n s  e x c e p t  i n  th e  c a s e  o f  a d d i t i o n  to  3 -m ethy  1 - 2 -  
p h e n y l b u t a n a l . The e r y t h r o  i s o m e r  was t h e  m a jo r  p r o d u c t
x
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e x c e p t  i n  t h e  r e a c t i o n s  w i th  t h e  3 - m e t h y l - 2 - p h e n y lb u ta n a l  
(45% t h r e o - w i t h  m ethylm agnesium  i o d i d e ;  707, t h r e o -  w i th  
d im e th y lc ad m iu m ). The r e s u l t s  do n o t  f i t  t h e  c o n v e n t io n a l  
m odels  f o r  a d d i t i o n  to  a c y c l i c  a ld e h y d e s ,  by  w hich  th e  
e r y t h r o  p r o d u c t  i s  f a v o r e d ;  th e y  c a n  be r a t i o n a l i z e d  on 
th e  b a s i s  o f  i n c r e a s e d  o x y g e n - i s o p ro p y l  i n t e r a c t i o n  i n  
t h e  F e l k i n  m o d e l .
x i
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INTRODUCTION
S in c e  1936 ,^  organocadm ium  r e a g e n t s  have  b een  known
to  r e a c t  w i th  a c i d  c h l o r i d e s  t o  p ro d u c e  k e to n e s .  E a r l y
e x p e r im e n ts  i n d i c a t e d  t h a t  th e  " p u r i f i e d "  organocadmium
r e a g e n t s  d i d  n o t  add t o  s im p le  a ld e h y d e s  and k e to n e s .
T h is  f a c t  e x p la in e d  t h e  u t i l i t y  o f  organocadmium r e a g e n t s
2
f o r  p r e p a r i n g  k e t o n e s .  K o l l o n i t s c h  r e f u t e d  t h i s  g e n e r a l i ­
z a t i o n  i n  1960, b u t  t h e  s t a t e m e n t  t h a t  organocadmium r e a ­
g e n t s  a r e  t y p i c a l l y  u n r e a c t i v e  tow ard  a ld e h y d e s  and k e to n e s
3a p p e a r s  ev en  in  some r e c e n t  r e f e r e n c e s .
Comparing th e  " p u r i f i e d "  organocadmium r e a g e n t  w i th
4th e  i n  s i t u  r e a g e n t ,  K o l l o n i t s c h  o b se rv e d  t h a t  t h e  l a t t e r  
was c o n s i d e r a b l y  more r e a c t i v e  t h a n  t h e  fo rm e r ,  and  d id  
in d e e d  add  r e a d i l y  t o  b e n z a ld e h y d e  and  a c e to p h e n o n e .  The 
p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  t o  s tu d y  e x t e n s i v e l y  
th e  f a c t o r s  a f f e c t i n g  th e  r e a c t i v i t y  and s t e r e o c h e m i s t r y  
i n  t h e  a d d i t i o n  o f  cadmium r e a g e n t s  t o  s im p le  c a r b o n y l  com­
p o u n d s .  The f a c t o r s  a f f e c t i n g  t h e  a d d i t i o n  o f  organocadmium 
r e a g e n t s  w ere  t o  be  com pared t o  t h o s e  o f  o t h e r  o r g a n o m e ta l l i c  
r e a g e n t s ,  whose m echanism  o f  a d d i t i o n  has  been  i n v e s t i g a t e d .  
T hese  co m p a r iso n s  m ig h t  sh ed  l i g h t  on th e  mechanism o f  
organocadm ium  a d d i t i o n  t o  c a r b o n y l  compounds and e x p l a i n  
th e  a c t i v a t i n g  e f f e c t  o f  magnesium h a l i d e .
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2HISTORICAL BACKGROUND
The f i r s t  s y n t h e s i s  o f  organocadm ium  compounds was 
5
r e p o r t e d  by E. M a h le r  i n  1916 . The u s u a l  method o f  p r e p a ­
r a t i o n ^  c o n s i s t s  o f  an  e x ch an g e  r e a c t i o n  be tw een  cadmium 
s a l t s  and  G rig n a rd  o r  l i t h i u m  r e a g e n t s .  A t t h e  p r e s e n t  
t im e ,  t h r e e  ty p e s  o f  organocadm ium  compounds a r e  known: 
t h e  sy m m e tr ic a l  compounds (R^Cd), th e  a s y m m e tr ic a l  com­




As i n d i c a t e d  in  E q u a t io n  3 ,  t h e  RCdX s p e c i e s  c a n n o t  be
c o n s i d e r e d  to  be R9Cd-CdX9^ b e c a u se  o n ly  th e  a s y m m e tr ic a l
8organocadm ium  compound i s  p rod uced  and  i s o l a t e d .
D ia lky lcadm ium  compounds c an  b e  d i s t i l l e d  and f r e e d
q
from  t h e  magnesium h a l i d e .  T h is  i s  known a s  t h e  " p u r i f i e d "  
organocadm ium  r e a g e n t s .  U n d i s t i l l e d  d ia lk y lc a d m iu m s  p r e p a r e d  
a c c o r d i n g  to  E q u a t io n  1 a r e  known as  " i n  s i t u " r e a g e n t s .  The 
p u r i f i e d  d ia lk y lca d m iu m  compounds a r e  m onom eric  l i q u i d s  and 
l e s s  v o l a t i l e  th a n  th e  c o r r e s p o n d in g  d i a l k y l z i n c  and d i a l k y l -  
m e rc u ry  com pounds. T h is  h a s  been  a t t r i b u t e d  t o  th e  enhanced  
v a n  d e r  Waals f o r c e s  a r i s i n g  from  th e  a n o m a lo u s ly  lo n g  c a d ­
m iu m -ca rb o n  bond ( 2 .1 1  A i n  d im ethy lcadm ium  compared t o  2 .0 9  A 
i n  d im e th y lm e rc u ry  and 1 .9 4  A i n  d i m e t h y l z i n c ) . ^  D i a l k y l ­
cadmium compounds a r e  known t o  form v a r i o u s  1:1  e l e c t r o n -
11 12d o n a t o r  com plexes * w i t h  o r g a n ic  l i g a n d s  su c h  a s  b i p y r i d y l ,
2RMgX + CdX2 -> R2 Cd + 2MgX2
RMgS + CdX2 -> RCdX
R'MgX + RCdX -> RR'Cd + MgX2
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3dioxane., and  t e t r a h y d r o f u r a n .  The d io x a n a te  com plex o f
13d im ethy lcadm ium  i s  l a r g e l y  d i s s o c i a t e d  i n  s o l u t i o n ,  b u t  
i t  c an  b e  i s o l a t e d  i n  t h e  c r y s t a l l i n e  s t a t e .  I t  h a s  b e e n
(CH3) 2Cd + X
CH.
(4 )
12n o te d  t h a t  com plexes w i t h  b i d e n t a t e  l i g a n d s  a r e  more
s t a b l e  t h a n  th o s e  o f  m o n o d e n ta te  l i g a n d s .
The n a t u r e  o f  t h e  i n  s i t u  r e a g e n t  h a s  n o t  been
d e f i n i t e l y  c l a r i f i e d .  I n f r a r e d  e v id e n c e  h a s  b e en  r e c e n t l y
14o b ta in e d  f o r  a  b r id g e d  e l e c t r o n - d o n a t o r  com plex  in v o lv i n g  
m agnesium  b ro m ide  and d im ethy lcadm ium  i n  e t h e r  s o l u t i o n .
The a lk y lca d m iu m  h a l i d e s ,  on t h e  o t h e r  hand , have
b e en  i s o l a t e d  and e x am in e d . They a r e  i n f u s i b l e  s o l i d s
w hich  s o f t e n  and decom pose above  100° w i th  no  d e f i n a b l e  
15m e l t i n g  p o i n t .  No p r e c i s e  d e t e r m i n a t i o n  o f  t h e i r  s t r u c -
t u r e  h a s  b e e n  r e p o r t e d ,  b u t  i t  i s  known t h a t  t h e y  a r e  m onom eric
16i n  d i m e t h y l s u l f o x i d e  s o l u t i o n .  B ecause  e t h e r e a l  e t h y l z i n c
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417 18i o d id e  and  a lk y lm e r c u ry  h a l i d e s  a r e  m onom eric , i t  i s
e x p e c te d  t h a t  a lky lcadm ium  h a l i d e s  a r e  a l s o  m onom eric  i n
e t h e r  s o l u t i o n .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  a lk y lca d m iu m
h a l i d e s  do n o t  form e l e c t r o n - d o n a t o r  complexes a s  do t h e
12s y m m e t r ic a l  organocadm ium  com pou nds .
19 20L . Le G u i l ly  and F .  T a t i b o u e t  * hav e  o b s e r v e d  t h a t
m agnesium  b ro m id e  p r e c i p i t a t e d  when e t h e r e a l ,  i n  s i t u  d i - n -
p ro p y lcad m iu m  (MgBr2) was c o o l e d ,  l e a v in g  1 /6  o f  t h e  norm al
amount i n  s o l u t i o n .  C o o l in g  o f  a n  i n  s i t u  n -p ro p y lc a d m iu m
b ro m id e  s o l u t i o n  i n  e t h e r  c a u s e d  f o r m a t io n  o f  c r y s t a l s  whose
c o m p o s i t i o n  c o r re sp o n d e d  t o  n-PrCdBr*MgBr2 *2 (C2H3 ) 2 0 .  Both
o f  t h e s e  r e a g e n t s  were c o m p a ra b le  t o  th e  no rm al i n  s i t u
d i -n -p ro p y lc a d m iu m  in  r e a c t i v i t y  to w ard  a ld e h y d e s . (T a b le
1 , n o .  1 7 , 1 8 ) .
New m ethods o f  p r e p a r i n g  organocadmium compounds
21have  b e e n  r e p o r t e d  r e c e n t l y .  T h ie l e  and Zdunneck  d e v is e d  
a  p r e p a r a t i o n  f o r  d ia l l y lc a d m iu m  from  an  exch an g e  r e a c t i o n  
b e tw e e n  d im ethy lcadm ium  and  t r i a l l y l b o r o n .  B o th  cadmium
3(CH3 ) 2 Cd + 2B(CH2 -CH=CH2 ) 3 -> 2B(CH3>3  ^ + 3Cd(CH2 -CH=CH2) 2 ( 6 )
and  z i n c  r e a g e n t s ,  p r e p a r e d  f r e e  o f  h a l i d e  by t h i s  m ethod ,
were fo u n d  t o  be q u i t e  r e a c t i v e  s p e c i e s .  As shown by 
22P . F r e o n  e t  a l . ,  t h e s e  r e a g e n t s  add to  a ld e h y d e s  and 
k e to n e s  r e a d i l y  (T ab le  1 , n o .  3 6 - 3 9 ) .  T h ie le  an d  F r e o n  
b o th  c o n c lu d e d  t h a t  t h e  a l l y l  s t r u c t u r e s  a r e  i o n i c  i n  
n a t u r e .  U n l ik e  th e  " p u r i f i e d "  a l k y l  and a r y l  r e a g e n t s ,  
d i a l l y lc a d m iu m  was more r e a c t i v e  to w ard  a d d i t i o n  t h a n  
d i a l l y l z i n c .
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5The p r e p a r a t i o n  o f  organocadm ium  compounds from  th e
r e a c t i o n  o f  m e t a l l i c  cadmium and a l k y l  h a l i d e s ,  r e p o r t e d  to
be u n s u c c e s s f u l  i n  e t h e r  s o lu t io n , '* '  was r e c e n t l y  r e p o r t e d
23 24by J .  C h e n a u l t  and  F .  T a t i b o u e t .  * They o b s e rv e d  t h a t  
a n  e x o th e rm ic  r e a c t i o n  to o k  p l a c e  when a l k y l  i o d i d e s  and 
cadmium m e ta l  w ere  mixed in  d i m e t h y l s u l f o x i d e ,  d im e t h y l -  
fo rm am ide , o r  h e x am e th y lp h o sp h o ram id e  (HMPT). A lk y l  
b ro m id e s  c o u ld  n o t  be  u s e d ,  b u t  a l l y l i c  o r  p r o p a r g y l i c  
b ro m id e s  u n d e rw e n t  e x o th e rm ic  r e a c t i o n  w i th  cadmium m e t a l .
I t  was l a t e r  d e te rm in e d  t h a t  h e x am e th y lp h o sp h o ra m id e  was 
th e  s o l v e n t  o f  c h o ic e  b e c a u se  o f  s i d e  r e a c t i o n s  i n  th e  
o t h e r  two s o l v e n t s .
The r e a c t i o n  w i th  a l k y l  h a l i d e s  r e p o r t e d l y  l e d  to  
p r e c i p i t a t i o n  o f  a cadmium h a l id e - h e x a m e th y lp h o s p h o r a m id e  
com plex . A f t e r  rem oval o f  t h e  cadmium h a l i d e  co m p lex , a  
d ia lk y lc a d m iu m -h e x a m e th y lp h o sp h o ra m id e  com plex c o u ld  be 
i s o l a t e d .  I n f r a r e d ,  Z e r e w i t i n o f f , and p o l a r o g r a p h i c  a n a l y s i s
Cd° + EX — l / 2 R2Cd(S) 2 + l/2C dX 2 ( S ) n (7)
S = HMPT 
n = 2 , X = I  
n = 4 ,  X = B r
c o n f i rm e d  th e  p r e s e n c e  o f  d ia lk y lc a d m iu m  com pounds. By a 
c a r e f u l  d i s t i l l a t i o n  p r o c e d u r e ,  i t  was p o s s i b l e  t o  b r e a k  
up th e  d ia lk y lc a d m iu m  com plex i n t o  t h e  p u re  d ia lk y lc a d m iu m . 
The d i e t h y l - ,  d i p r o p y l - ,  and d ib u ty lc a d m iu m  r e a g e n t s  were 
p r e p a r e d  by  t h i s  m ethod.
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R e a c t io n  o f  t h e  r e a g e n t s  p r e p a r e d  i n  h e x a m e th y l­
p h osp ho ram id e  w i th  a c id  c h l o r i d e s  was i n v e s t i g a t e d  and 
t h e s e  r e a g e n t s  w ere shown t o  h a v e  th e  same r e a c t i v i t y  a s  
th e  norm al " p u r i f i e d ” r e a g e n t s . ^  (T ab le  1 , n o .  4 0 - 4 5 ) .
I t  was o b se rv ed  t h a t  a d d i t i o n  o f  h e x a m e th y lp h o s ­
phoram ide  t o  t h e  11 in  s i t u " ( B r ,B r )  r e a g e n t s  p r e p a r e d  i n  
e t h e r  c a u s e d  p r e c i p i t a t i o n  o f  a  m agnesium b ro m id e -h e x a -  
m e th y lp h o sp h o ram id e  com plex . A f t e r  rem ov a l o f  t h e  p r e ­
c i p i t a t e ,  t h e  f i l t r a t e  was shown t o  c o n t a i n  d ia lk y lca d m iu m
9
r e a g e n t  w h ich  c o u ld  be  p u r i f i e d  by  t h e  m ethod o f  K ra u se .
I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  no e v id e n c e  was found o f
a lk y lcad m iu m  h a l i d e  u n d e r  t h e s e  c o n d i t i o n s .
The f i r s t  e x t e n s i v e  i n v e s t i g a t i o n  i n t o  th e
r e a c t i v i t y  o f  organocadmium r e a g e n t s  was c o n d u c te d  by
1
Gilman and N e lso n  i n  1936 . They r e p o r t e d  t h a t  a d d i t i o n  
o f  an  a c i d  c h l o r i d e  t o  " i n  s i t u " organocadm ium  r e a g e n t s  
p ro d u ced  k e to n e s  i n  good t o  e x c e l l e n t  y i e l d s .  The 
p r e p a r a t i o n  o f  k e to n e s  from  a c i d  c h l o r i d e s  and  anhy ­
d r i d e s  w i t h  organocadmium r e a g e n t s  h a s  b een  e x t e n s i v e l y
O F
r e v ie w e d .  * Gilman o b s e rv e d  t h a t  " p u r i f i e d "  o rg an o ­
cadmium r e a g e n t s  d id  n o t  r e a c t  w i t h  a ld e h y d e s  o r  k e t o n e s . 
F o r  ex am p le ,  " p u r i f i e d "  d ie th y lc a d m iu m  was shown to  r e a c t  
v e r y  s lo w ly  w i t h  b e n z a ld e h y d e  and  M i c h l e r ’s k e to n e .  I t
C6H5CHO + (C2H5 ) 2Cd ( C2V 2°  C ^ C H C ^  ( v e r y  s low )
OH
0
£-(C H 3 ) 2NC6H4 C-C6H4N(CH3) 2 - £  +  (C2H5) 2Cd (C2H5 ) 2°>
OH
£ - ( c h 3 ) 2n c 6h4 c - c 6h 4 c - c 6h 4n ( c h 3) 2- £
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7was g e n e r a l l y  b e l i e v e d  t h a t  t h e  u t i l i t y  o f  t h e  p r e p a r a t i o n  
o f  k e to n e s  from  a c id  c h l o r i d e s  was due t o  t h e  e x t r e m e ly  
slow  r e a c t i v i t y  o f  th e  organocadm ium  r e a g e n t  w i t h  t h e  k e to  
g ro u p .  On t h e  b a s i s  o f  t h i s  w ork  by  Gilman and N e lso n ,  i t  
was assum ed t h a t  t h e  organocadm ium  compounds i n  g e n e r a l  
d id  n o t  r e a c t  w i th  s im p le  a ld e h y d e s  o r  k e to n e s .
How ever, a d d i t i o n  o f  organocadm ium  r e a g e n t s  t o
a c t i v a t e d  a ld e h y d e s  and k e t o n e s - - a - d i k e t o n e s , a - k e t o
27 28e s t e r s ,  a - k e t o  a ld e h y d e s ,  a - h a l o  a ld e h y d e s  an d  k e to n e s
h a s  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .  F o r  ex am p le , i n  s i t u
d i a l k y l -  and  d ia ry lc a d m iu m  r e a g e n t s  have  been  shown to
r e a c t  w i th  b u t a - 2 , 3 - d i o n e ,  p r o d u c in g  th e  r e s p e c t i v e  a l k y l -
29o r  a r y l m e t h y l a c e t y l  c a r b i n o l s  (38-70%).
00
llll
C H ^ C C C H g  • i ^ v i u  u u ^ \ u / u
1 o (9)
+ R,Cd •» CH,(R)C - 
^ 1
OH
R = C2H5 68%
" C4H9
70%
=  C6HU 38%
= °6H5
44%
R e a c t io n  o f  d iphen y lcad m ium  w i t h  p h e n y lg ly o x a l  h a s  b een
30r e p o r t e d  t o  a f f o r d  b e n z o in  i n  517o y i e l d .
0 0  ^  B o OHU n MgBr n |
C,H.C-CH + (C,H,.),Cd  C,H,,C-CH-C,H, (10)
<C2H5>2°
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8The r e a c t i v i t y  tow ard  a c t i v a t e d  c a r b o n y l s  c an  be 
se en  i n  t h e  a t t e m p t e d  p r e p a r a t i o n  o f  an  a - k e t o  e s t e r  from  
th e  a p p r o p r i a t e  a c i d  c h l o r i d e .  I f  t h e  c h l o r i d e  o f  mono­
e t h y l  o x a l a t e  i s  t r e a t e d  w i th  d ie th y lc a d m iu m , t h e  k e to  
e s t e r  i s  n o t  i s o l a t e d ,  b u t  t h e  r e a c t i o n  p ro c e e d s  a  s t a g e  
f u r t h e r  w i th  t h e  f o r m a t io n  o f  a n  a -h y d ro x y  e s t e r  c o n t a i n i n g  
a  t e r t i a r y  c a r b o n  atom.'*' Numerous exam ples c an  be  found  i n  
th e  l i t e r a t u r e  o f  t h e  a d d i t i o n  t o  a c t i v a t e d  c a r b o n y l  com­
pounds by  organocadm ium  r e a g e n t s .
0 0 OH 0
II II MgBr. | ||
C1C-C-0C2H5 + (C2H5) 2 Cd -------- = ->  (C2H5 ) 2C -  C - O C ^  (1 1 )
( C2H5>2°
The a d d i t i o n  o f  cadmium e n o l a t e s  t o  c a r b o n y l  com-
31p o un ds— a n a lo g o u s  t o  th e  w e l l - s t u d i e d  R efo rm atsky  r e a c t i o n  —
has b e e n  r e p o r t e d  i n  a few i n s t a n c e s .  J .  Cason and  R.
32F e sse n d e n  r e p o r t e d  p r e p a r a t i o n  o f  cadmium e n o l a t e s  by  
t r e a t i n g  i n  s i t u  organocadm ium  r e a g e n t s  w i th  a - h a l o  e s t e r s .  
They o b s e r v e d  t h a t  th e  cadmium e n o l a t e s  c o u ld  be cond en sed  
w i th  s im p le  c a r b o n y l  compounds i n  a  m anner a n a lo g o u s  t o  
th e  R e fo rm a ts k y  r e a c t i o n .  The s o l v e n t  a f f e c t e d  t h e  y i e l d  
o f  c o n d e n s a t i o n  p r o d u c t ;  i t  was fo u n d  t h a t  a  1:1  m ix tu r e  
o f  b e n z e n e - e t h e r  s e r v e d  b e s t  when a  n o n r e a c t i v e  c a r b o n y l  
was a t t a c k e d .  I t  was n o te d  t h a t  u n d e r  t h e  same c o n d i t i o n s ,  
th e  z in c  R e fo rm a ts k y  r e a g e n t  was g e n e r a l l y  s l i g h t l y  more 
r e a c t i v e .
Y ie ld  o f  3-H ydroxy e s t e r  
K etone  Bromo e s t e r  Cd e n o l a t e  Zn e n o l a t e




CH3'CH-CH2 jj-CH2 -CH CH3CH-C02C2H5 47% 68%
CH3 0 CH3 Br
(1 2 )
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933M. P a lm e r  and J .  R e id  l a t e r  i n v e s t i g a t e d  z i n c  
and  cadmium e n o l a t e s  c o n t a i n i n g  o p t i c a l l y  a c t i v e  e s t e r  
s u b s t i t u e n t s .  These e n o l a t e s  a f f o r d e d  p a r t i a l l y  a c t i v e
c o n d e n s a t i o n  p r o d u c ts  w i th  a c e to p h e n o n e .
2I n  1960 K o l l o n i t s c h  u n d e r t o o k  a  c o m p ar iso n  o f  t h e  
" p u r i f i e d " ,  i n  s i t u , and  " r e c o n s t i t u t e d "  organocadm ium  
r e a g e n t s .  The l a s t  r e a g e n t  was p r e p a r e d  by a d d i t i o n  o f  
m agnesium  h a l i d e  t o  " p u r i f i e d "  d ia lk y lc a d m iu m . He d i s ­
c o v e re d  t h a t  t h e  r e a c t i v i t y  o f  t h e  organocadm ium  compounds 
was g r e a t l y  a f f e c t e d  by  t h e  p r e s e n c e  o f  magnesium (a n d  
o t h e r )  h a l i d e s .  B ecause  t h e  i n  s i t u  and th e  " r e c o n s t i t u t e d "  
r e a g e n t s  w e re  com parab le  i n  r e a c t i v i t y  tow ard  a c i d  c h l o r i d e s ,  
t h e y  w e re  assum ed to  be  t h e  sam e.
N o t in g  t h a t  a lm o s t  a l l  t h e  k e to n e  s y n th e s e s  r e p o r t e d  
i n  t h e  l i t e r a t u r e  had b een  c a r r i e d  o u t  w i th  th e  i n  s i t u
4
r e a g e n t ,  h e  i n v e s t i g a t e d  t h e  r e a c t i o n  o f  a c i d  c h l o r i d e s  
w i t h  t h e  " p u r i f i e d " ,  i n  s i t u , a n d  " r e c o n s t i t u t e d "  r e a g e n t s .  
B enzoy l c h l o r i d e  was fo u n d  t o  r e a c t  o n ly  v e ry  s lo w ly  w i t h  
t h e  " p u r i f i e d "  organocadmium r e a g e n t s  b u t  gave a c e to p h e n o n e  
i n  68% y i e l d  w i t h  d im e thy lcadm ium  i n  t h e  p r e s e n c e  o f  
l i t h i u m  b r o m id e .  The same o r d e r  o f  r e a c t i v i t y  was n o t e d  
w i t h  a c e t y l  c h l o r i d e ,  whose r e a c t i o n  w i th  p u r i f i e d  d i e t h y l ­
cadmium was shown to  be  20% c o m p le te  a f t e r  tw e n ty  m in u te s  
a t  2 8 ° ,  b u t  was 97% c o m p le te  u n d e r  t h e  same c o n d i t i o n s  
when m agnesium  brom ide  was p r e s e n t .  The a c t i v a t i n g  e f f e c t  
o f  m agnesium  h a l i d e  i n  t h e s e  r e a c t i o n s  was shown t o  v a r y  
w i th  t h e  h a lo g e n  in  t h e  o r d e r :  M g ^  MgBr^ >  M g C ^ .
K o l l o n i t s c h  a l s o  i n v e s t i g a t e d  th e  r e a c t i v i t y  to w a rd  
a ld e h y d e s  and k e to n e s .  R e a c t io n  o f  b e n z a ld e h y d e  w i t h  
" p u r i f i e d "  d ie th y lc a d m iu m  i n  e t h e r  was 207o c o m p le te  a f t e r  
one h u n d re d  h o u r s  a t  2 5 ° ,  b u t  w as 86% com ple te  i n  one  h o u r
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i n  t h e  p r e s e n c e  o f  magnesium b r o m id e .  A cetophenone  was 
a l s o  o b s e r v e d  t o  r e a c t  w i th  d ie th y lc a d m iu m  in  th e  p r e s e n c e  
o f  m agnesium  b ro m id e .  (T a b le  1 , n o .  1 —4 ) .
34I n  t h e  l i g h t  o f  K o l l o n i t s c h 1s o b s e r v a t i o n s ,  P .  F re o n
and  h i s  c o l l a b o r a t o r s  have  i n v e s t i g a t e d  th e  r e a c t i v i t y  o f
v a r i o u s  organocadm ium  r e a g e n t s  w i t h  a ld e h y d e s  and k e t o n e s .
They r e p o r t e d  t h a t  b e n z a ld e h y d e  r e a c t e d  g e n e r a l l y  w i t h
i n  s i t u  organocadm ium  r e a g e n t s ,  p r o d u c in g  th e  s e c o n d a r y
a l c o h o l s  i n  good y i e l d s .  (See T a b le  1 , n o . 5 - 8 ) .  C om parab le
y i e l d s  w e re  n o t i c e d  from t h e  organocadm ium  r e a g e n t s  and
f o rm a ld e h y d e ,  a c e t a l d e h y d e , and p r o p io n a ld e h y d e .  Y i e ld s
were r e p o r t e d  s l i g h t l y  im proved w hen a 25% e x cess  o f  t h e
35i n  s i t u  r e a g e n t  was em ployed . G. S o u s s a n  a l s o  s t u d i e d
t h e  a d d i t i o n  o f  d ia lk y lca d m iu m  r e a g e n t s  t o  a ld e h y d e s ,  a n d
o b s e rv e d  t h a t  a n  o x i d a t i o n - r e d u c t i o n  s i d e  r e a c t i o n  o c c u r r e d ,
w h ich  i n  some c a s e s  p re d o m in a te d .
I n  t h e  a d d i t i o n  r e a c t i o n  o f  i n  s i t u  d ie th y lc a d m iu m  t o  
35d i e t h y l  k e t o n e ,  i t  was o b s e rv e d  t h a t ,  a s  th e  m o la r  e q u i v a ­
l e n c y  o f  e i t h e r  t h e  organocadm ium  r e a g e n t  o r  th e  k e to n e  was 
i n c r e a s e d ,  t h e  y i e l d  o f  t h e  a l c o h o l  was enhanced .
C2H5C0C2H5 + (C2H5) 2Cd (C2H5 ) 3 C0H (13)
m oles  C2H5 COC2H5 m oles (C2H5) 2Cd (C2H5) 3 COH % y i e l d
1 1 10-15
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U sing  th r e e  m o la r  e q u i v a l e n t s  o f  organocadm ium
36r e a g e n t  t o  one of k e to n e ,  F r e o n  ej: a l .  r e p o r t e d  a d d i t i o n  
o f  i n  s i t u  d i e t h y l - ,  d i b u t y l - ,  and  d iphenylcadm ium  r e a g e n t s  
t o  a  s e r i e s  o f  k e to n e s  (T a b le  1 ,  n o .  9 - 1 6 ) .  A l th o u g h  t h e  
y i e l d s  a r e  below th o s e  r e p o r t e d  from  th e  G r ig n a rd  r e a g e n t s ,  
i t  i s  e v i d e n t  t h a t  k e to n e s  a r e  n o t  i n e r t  u n d e r  m ild  c o n d i ­
t i o n s  .
I n  o r d e r  t o  d e te r m in e  w h e th e r  a l c o h o l s  c o u ld  b e  
p ro d u c e d  d u r in g  th e  k e to n e  s y n t h e s i s  from th e  r e a c t i o n  o f  
an  organocadm ium  r e a g e n t  w i t h  a n  a c i d  c h l o r i d e ,  t h e  r e a c ­
t i o n  o f  i n  s i t u  d ie th y lc a d m iu m  w i t h  p r o p io n y l  c h l o r i d e
36was i n v e s t i g a t e d  i n  d e t a i l .  As th e  m ola r  e q u iv a l e n c e  
o f  d ie th y lc a d m iu m  was i n c r e a s e d ,  t h e  amount o f  t e r t i a r y  
a l c o h o l  i n c r e a s e d .  T h is  d e m o n s t r a te d  t h a t  t h e  i n t e r m e d i a t e  
i n  t h e  k e to n e  s y n t h e s i s  was c a p a b l e  o f  r e a c t i n g  f u r t h e r  
with t h e  d ie th y lca d m iu m  r e a g e n t .





A more g e n e r a l  i n v e s t i g a t i o n  in to  t h e  c o m p a r a t iv e
r e a c t i v i t y  o f  in  s i t u  and p u r i f i e d  organocadmium r e a g e n t s
37was c o n d u c te d  by J .  M ic h e l  _et a l .  I t  was o b se rv e d  t h a t  
i n  a l l  r e a c t i o n s  th e  i n  s i t u  r e a g e n t  was c o n s i d e r a b l y  more 
r e a c t i v e  t h a n  th e  p u r i f i e d  r e a g e n t .  (T able  1 ,  n o .  1 9 - 3 5 ) .  
T hese  r e s u l t s  and t h o s e  p r e v i o u s l y  m en tioned  d e m o n s t r a te
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t h a t  " i n  s i t u " organocadm ium  r e a g e n t s  a r e  r e a c t i v e  o r g a n o ­
m e t a l l i c  r e a g e n t s  and do r e a d i l y  r e a c t  w i th  s im p le  a l d e ­
hy des  and k e t o n e s .
S in c e  t h e  r e a c t i v i t y  s t u d i e s  m e n t io n e d  ab o v e ,  t h e  
work r e p o r t e d  i n  th e  l i t e r a t u r e  h a s  b e e n  m a in ly  c o n c e rn e d  
w i th  new m ethods o f  p r e p a r a t i o n  and n o v e l  r e a c t i o n s  o f  
organocadm ium  com pounds. The o n ly  r e c e n t l y  r e p o r t e d  
a d d i t i o n  o f  organocadm ium  r e a g e n t s  t o  a ld e h y d e s  o r
38k e to n e s  i n v o lv e d  t h a t  o f  b i s - (e th o x y m e th y l) -c a d m iu m .
P r e p a r a t i o n  in v o lv e d  f o r m a t io n  o f  t h e  c o r r e s p o n d in g  
G r ig n a rd  r e a g e n t  by  r e a c t i o n  o f  1 - c h lo r o m e th y l  e t h y l  
e t h e r  w i th  m agnesium  and m e r c u r i c  c h l o r i d e  i n  t e t r a h y d r o -  
f u r a n  a t  - 1 5 ° .  The cadmium r e a g e n t  was t h e n  form ed by 
an  exchange  r e a c t i o n  b e tw ee n  t h e  G r ig n a rd  and cadmium 
i o d i d e .  T hese  i n  s i t u  r e a g e n t s  w ere  fo u n d  t o  r e a c t  r e a d i l y
C1CH2 -0C2H5 + Mg ClMgCH2OC2H5 f ^ 2 » C d (C H 20C2H5 ) 2 + 2MgX2 i
HgCl2
-15°
w i th  a ld e h y d e s ,  a c t i v a t e d  c a r b o n y l s ,  and a c i d  c h l o r i d e s ,
b u t  n o t  a s  r e a d i l y  w i th  k e t o n e s .  (S ee  T a b le  1 ,  no . 4 0 - 4 5 ) .
The c o r r e s p o n d in g  z in c  r e a g e n t s ,  p r e p a r e d  s i m i l a r l y ,  w ere
foun d  t o  be l e s s  r e a c t i v e .
The a d d i t i o n  o f  organocadm ium  r e a g e n t s  t o  N -b e n z y l -  
39i d e n e a n i l i n e  h a s  b e en  r e c e n t l y  r e p o r t e d .  I t  was o b s e rv e d  
t h a t  a d d i t i o n  o f  d ie th y lc a d m iu m  to  t h r e e  s t r u c t u r a l l y  s i m i l a r  
a n i l s  o c c u r r e d  when th e  ini s i t u  r e a g e n t  was employed b u t  
n o t  w i th  " p u r i f i e d "  d ie th y lc a d m iu m . I t  was a l s o  n o te d  
t h a t  t h e  c o r r e s p o n d in g  z in c  r e a g e n t s  w ere  l e s s  r e a c t i v e .




C6H5CH=NC6H5 + (C2H5 ) 2C d (in  s i t u ) - >  C ^ C H  -  N C ^  (91%)
CoHr H
r  i
C6H5CH=NC6H4 C l - £  + (C2H5 ) 2C d ( in  s i t u ) -» C ^ C H  - N C ^ C l - 2  (95%)
C2H5 H ^
t I
£ -C lC 6H4 CH=N-C6H5 + (C2H5 ) 2C d ( i ^  s i tu ) ->  £ -C lC 6H4 CH - N C ^  (91%)
CoHc H 
I I
C6H5CH=NC6H5 + (C2H5 ) 2C d ( " p u r i f i e d " ) -> C ^ C H  -  NC6H5 (1.7% )
A new r e a c t i o n  o f  n o rm al i n  s i t u  organocadm ium  r e a ­
g e n ts  w i th  i s o c y a n a t e s  i n  e t h e r  s o l u t i o n  h a s  b e e n  r e p o r t e d
r e c e n t l y . ^  G r ig n a rd  r e a g e n t s  a r e  known t o  p ro d u c e  am ides
41upon r e a c t i o n  w i th  i s o c y a n a t e s ,  w h i le  t h e  r e a c t i o n  o f  
in  s i t u  d ia lk y lc a d m iu m  r e a g e n t s  was shown t o  in d u c e  t r i -  
m e r i z a t i o n  o f  t h e  i s o c y a n a t e .  I n v e s t i g a t i o n s  i n t o  t h e  
n a tu r e  o f  t h i s  r e a c t i o n  a r e  now b e in g  c o n d u c te d  i n  F re n c h  




R ’NCO ------ —--------------------| I (17)
I
R !
R = C2H5 ’ C3H7» C4H9
R ’= C2H5 , C4H9 , C6H5 , C10H7
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The k i n e t i c s  o f  th e  r e a c t i o n  o f  " p u r i f i e d "
d ie th y lca d m iu m  w i t h  s u b s t i t u t e d  b e n z y l i c  a l c o h o l s  has
42b e e n  r e c e n t l y  i n v e s t i g a t e d .  The k i n e t i c s  was found 
t o  be second  o r d e r :  f i r s t  o r d e r  eac h  i n  d ie th y lca d m iu m
and  in  b e n z y l  a l c o h o l ,  i n  e t h e r  a t  3 4 - 3 5 ° .  The p f o r  
t h e  r e a c t i o n  was + 0 .3 5 .
The k i n e t i c s  o f  th e  r e a c t i o n  o f  " p u r i f i e d "
43d im e th y lz in c  w i t h  b e n z a ld e h y d e  h a s  a l s o  b e e n  r e p o r t e d .
T h is  r e a c t i o n  was a l s o  found  t o  be s e c o n d  o r d e r :  f i r s t
o r d e r  each  i n  d i m e t h y l z i n c  and b e n z a ld e h y d e .  A lth o u g h  
th e  a d d i t i o n  o f  m e t a l  s a l t s  (M gB ^, Z nB r^, Z n C ^ )  i n c r e a s e d  
t h e  r a t e ,  t h e  k i n e t i c  o r d e r  was u n c h a n g e d .
The o n ly  s t e r e o c h e m ic a l  i n v e s t i g a t i o n  i n t o  th e  
a d d i t i o n  o f  o rganocadm ium  r e a g e n t s  t o  c a r b o n y l  compounds- -
t h a t  o f i n  s i t u  d i - n - p r o p y l -  and d i a l l y lc a d m iu m  a n d -z in c  to
444 -_ t - b u ty lc y c lo h e x a n o n e - -w a s  p u b l i s h e d  b y  Abenhaim  in  
1968 . A l th o u g h  t h e  s t e r e o c h e m i s t r y  o f  t h e  a d d i t i o n  was 
r e p o r t e d ,  t h e  c o m p o s i t i o n  o f  t h e  r e d u c t i o n  p r o d u c t s  was 








( 1 8 )
H R( l)
OH
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The d i - n - p r o p y l  organocadmium r e a g e n t  was r e p o r t e d  t o  
p ro d u ce  t h e  Z a d d i t i o n  a l c o h o l  (A^) i n  80?o n o rm a liz e d  
y i e l d .  The r a t i o  o f  a d d i t i o n / r e d u c t i o n  was 4 .66  f o r  
t h i s  r e a c t i o n .
Mg Zn Cd (n -p r o p y l  r e a g e n t s )  
%AZ 73 75 80
A dd/Red 2 .3  0 .8 9  4 .6 6
T h is  w ork  w i l l  be  f u r t h e r  exam ined  i n  t h e  d i s c u s s i o n .











T a b l e  1 .
A d d i t i o n  o f  O rganocadm ium  R e a g e n t s  t o  A l d e h y d e s ,  K e t o n e s  and  A c id  C h l o r i d e s
S u b s t r a t e
1 .  CbHc COClD O
2 .  CH3 C0C1
3 .  C,Hc CHO6 5
4 .  C6Hs COCH3
5 .  C/-Hc CHO6 5
6 .  C6H5 CHO
7 .  C.H.CHO 6 5
8 .  C.KLCHO6 5
9 .  CHqCOCH,3 :
R e a g e n t
(CH3 ) 2 Cd
(C2H5 ) 2 Cd
(C2H5 ) 2 Cd
(C2H5 ) 2 Cd
(CH3 ) 2 Cd
(C2H5 ) 2 Cd
(C4H g ) 2 Cd
(C6H5 ) 2 Cd
(C2H5 ) 2 Cd
P r o d u c t
c6h5 coch3
ch3 coc2h5
c6h5 c h ( oh)
^2H-5
c6h5 cch3 ( oh)
C2H5
c6h5 c h ( oh) ch3
c6h 5 c h ( oh)
C2H5
c6h5 c h ( oh )
i 4R9
C6H5 CH(OH)C6Ht
ch3 co h( ch3 )
{c 2u 5
%
i n  s i t u  
68 ( L i B r )  
97 (MgBr2 ) 
86 (MgBr2 )
55 (MgBr2 ) 
60 (MgBr2 )
65 (MgBr2 )
35 (MgBr2 ) 
40  (MgBr2 )
7to
" p u r i f i e d "  R e f .
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EXPERIMENTAL
I n s t r u m e n t a t i o n . -  I n f r a r e d  s p e c t r a  w ere  r e c o r d e d  w i t h  a 
P e r k in - E lm e r  Model 337 g r a t i n g  s p e c t r o p h o t o m e t e r ;  nmr 
s p e c t r a ,  o b t a i n e d  w i t h  a V a r i a n  A-60 s p e c t r o m e t e r ,  were  
r e c o r d e d  i n  ppm d o w n f i e ld  f rom t e t r a m e t h y l s i l a n e  u s e d  as  
an  i n t e r n a l  s t a n d a r d .  Gas l i q u i d  p h a s e  c h r o m a to g r a p h ic  
(g lp c )  a n a l y s i s  and  s e p a r a t i o n s  w ere  a c c o m p l i s h e d  w i t h  a 
V a r ia n  Model 9 0 - P  gas  c h ro m a to g ra p h .  A r e a s  were d e t e r m i n e d  
a s  th e  p r o d u c t  o f  t h e  h e i g h t  and t h e  h a l f - h e i g h t  p e a k  w i d t h ,  
and p e r c e n t a g e s  r e p o r t e d  a r e  n o r m a l i z e d .  A n a ly se s  were  
c a r r i e d  o u t  on  t h e  c ru d e ,  i s o l a t e d  p r o d u c t  and no c o r r e c t i o n  
made f o r  mass  b a l a n c e ,  u n l e s s  o t h e r w i s e  s t a t e d .  M e l t i n g  
p o i n t s ,  d e t e r m i n e d  w i t h  a Hoover C a p i l l a r y  M e l t i n g  P o i n t  
A p p a r a tu s ,  a r e  c o r r e c t e d ;  b o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  
M i c r o a n a ly s e s  w ere  pe rfo rm ed  by  G a l b r a i t h  L a b o r a t o r i e s  o f  
K n o x v i l l e ,  T e n n e s s e e .
M a t e r i a l s . -  The G r ig n a rd  r e a g e n t s  w ere  p r e p a r e d  i n  a  d ry  
n i t r o g e n  a t m o s p h e r e ,  from r e a g e n t  g r a d e  magnesium t u r n i n g s  
ex ce p t  w here  n o t e d .  I n  some c a s e s  t h e  r e a g e n t  was p r e p a r e d  
from s i n g l y  s u b l i m e d  magnesium (Dow C hem ica l  C o . ) .  No 
d i f f e r e n c e  was n o t e d  be tween  r e a g e n t s  a s  a  f u n c t i o n  o f  
t h e  p u r i t y  o f  magnesium used  i n  t h e  p r e p a r a t i o n .  M e th y l -  
magnesium b r o m id e  i n  e t h e r  was o b t a i n e d  f rom  Arapahoe  
Chemical  Co. a n d  m e t h y l l i t h i u m  f ro m  F o o t e  M in e r a l  Co.
The s o l u t i o n s  w e re  r e f r i g e r a t e d  i n  se ru m -c ap p e d  b o t t l e s  
and t h e i r  c o n c e n t r a t i o n s  checked  p e r i o d i c a l l y  by t i t r a t i o n
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45w i t h  1 , 1 0 - p h e n a n t h r o l i n e  o r  2 , 2  1- b i q u i n o l i n e .  A nhydrous  
cadmium c h l o r i d e  ( F i s h e r  c e r t i f i e d ) ,  bromide and i o d i d e  
( A l f a  I n o r g a n i c s )  were u se d  a f t e r  o v e n - d r y i n g  f o r  48 h o u r s  
a t  110° .  The 4 -_ t - b u ty l c y c lo h e x a n o n e  and 2 - p h e n y l p r o p a n a l  
were  o b t a i n e d  from A l d r i c h  Chemica l  Co. The g l p c  column 
m a t e r i a l s  [FFAP, STAP, SAIB, A p ie z o n  L, Chromosorb W (60-80 
mesh)] were  o b t a i n e d  from V a r i a n  A e ro g ra p h ,  I n c .
E x p e r i m e n t a l  A p p a r a t u s . -  The f o l l o w i n g  i s  a d e s c r i p t i o n  o f  
t h e  e x p e r i m e n t a l  a p p a r a t u s  u se d  f o r  r e a c t i o n s  o f  organocadmium 
r e a g e n t s  w i t h  t h e  v a r i o u s  s u b s t r a t e s ,  e x c e p t  where  n o t e d  i n  
t h e  e x p e r i m e n t a l .  A 3 -n e c k e d ,  ro u n d -b o t to m e d  f l a s k  was 
f i t t e d  w i t h  a m e c h a n ic a l  s t i r r e r  and a p r e s s u r e - e q u a l i z i n g  
a d d i t i o n  f u n n e l .  To i n s u r e  d r y n e s s ,  a  s t e a d y  s t r e a m  o f  d ry  
n i t r o g e n  was a l l o w e d  t o  p a s s  t h r o u g h  t h e  sy s te m  v i a  t h e  
a d d i t i o n  f u n n e l  w h i l e  t h e  e n t i r e  s y s t e m  was f l am ed  w i t h  a  
Bunsen b u r n e r .  The f l a s k  was s t o p p e r e d ,  t h e  n i t r o g e n  f lo w  
s lo w ed ,  a n d  t h e  f l a s k  a l l o w e d  t o  c o o l .  The r e a g e n t s  were 
t h e n  ad ded  and  t h e  r e a c t i o n  c a r r i e d  o u t  as  d e s c r i b e d  i n  t h e  
E x p e r i m e n t a l  S e c t i o n .  An a tm o s p h e r e  o f  d ry  n i t r o g e n  was 
m a i n t a i n e d  d u r i n g  r e a c t i o n s  e x c e p t  where  n o t e d .  E a c h  
organocadmium r e a g e n t  employed gave  a n e g a t i v e  Gilman 
t e s t  f o r  t h e  p r e s e n c e  o f  G r i g n a r d  r e a g e n t .  The t r a n s f e r  
o f  t h e  G r i g n a r d  r e a g e n t s  f rom t h e  se ru m -capp ed  b o t t l e s  was 
a c c o m p l i s h e d  by  u se  o f  a 20-ml s y r i n g e .
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R e a c t i o n  o f  F i l t e r e d  i n  s i t u  D ie thy lcadm ium  ( B r , C l ) *  w i t h  
Benzoy l  C h l o r i d e  i n  THF,
An e thy lm agnesium  b ro m id e  s o l u t i o n ,  p r e p a r e d  from 
4 . 8  g o f  magnesium ( 0 . 2 0  m o l ) ,  2 1 .8  g of  e t h y l  b ro m id e  
( 0 .2 0 0  m o l ) ,  and 150 ml o f  a n h y d r o u s  THF, was a d d e d  t o  a 
s t i r r e d  m i x t u r e  o f  18 .3  g o f  C d C ^  (0 .10 0  mol)  and  150 ml 
o f  a n h y d r o u s  THF. The s o l u t i o n  was s t i r r e d  f o r  30 min a t  
g e n t l e  r e f l u x  a f t e r  t h e  a d d i t i o n  was c o m p le te ,  and  t h e  
Gilman t e s t  was shown t o  be n e g a t i v e .
The s t i r r e d  cadmium r e a g e n t  was f i l t e r e d  t h r o u g h  
th e  g l a s s  f r i t  i n t o  a  1000-m l,  3 - n e c k e d ,  r o u n d - b o t to m e d  
f l a s k  e q u ip p e d  w i th  a  s t o p p e r  an d  an  a s p i r a t o r  c o n n e c t i o n ,  
by means o f  p o s i t i v e  n i t r o g e n  p r e s s u r e  on one s i d e  o f  t h e  
f r i t  a n d  p a r t i a l  vacuum on t h e  o t h e r .  In  some c a s e s  when 
t h e  cadmium r e a g e n t  c o n t a i n e d  t o o  much suspended  s o l i d ,  
t h e  f r i t  became c lo gg ed  and t h i s  p r o c e d u r e  o f  r e m o v in g  
s o l i d s  was n o t  r e l i a b l e .  The f l a s k  c o n t a i n i n g  t h e  f i l t r a t e  
was e q u ip p e d  w i th  a  m e c h a n i c a l  s t i r r e r ,  r e f l u x  c o n d e n s e r ,  
and a p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l .
A s o l u t i o n  o f  14 .1  g o f  b e n z o y l  c h l o r i d e  ( 0 . 1 0 0  mol) 
i n  50 ml o f  anhydrous  THF was a d d e d  d ropw ise  t o  t h e  s t i r r e d  
cadmium r e a g e n t  and t h e  s o l u t i o n  r e f l u x e d  f o r  2 h r  a f t e r  th e  
a d d i t i o n  was c o m p le te .  The r e a c t i o n  was t h e n  h y d r o l y z e d  
w i t h  100 ml o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  and  
25 g o f  i c e .  The l a y e r s  were  s e p a r a t e d  and t h e  a q u e o u s  
l a y e r  e x t r a c t e d  w i th  200 ml o f  e t h e r .  The com bined  e t h e r -  
THF l a y e r  was e x t r a c t e d  w i t h  s a t u r a t e d  NaHCO^ s o l u t i o n ,
^H a log en s  i n  t h e  p a r e n t h e s e s  i n d i c a t e ,  r e s p e c t i v e l y ,  t h e  
a l k y l  h a l i d e  from w hich  SMgX was p r e p a r e d  and t h e  CdX2 
u sed  f o r  t h e  exchange r e a c t i o n .
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w a te r ,  d r i e d  o v e r  MgSO^, and c o n c e n t r a t e d  on a  r o t a r y  
e v a p o r a t o r .
The c r u d e  p r o d u c t  ( 2 2 . 6  g) was d i s t i l l e d  a t  r e d u c e d
p r e s s u r e  and  two f r a c t i o n s  were  o b t a i n e d .  The l o w e r - b o i l i n g
f r a c t i o n  [ 5 .6  g ,  bp 97 -119°  ( 1 5 -1 6  mm)] was i d e n t i f i e d  by
t i c ,  i r  ( n o .  7 0 6 5 ) ,  nmr ( n o .  3516) and  g l p c  on STAP; and
found t o  c o n t a i n  m o s t l y  e t h y l  b e n z o a t e  (90%) and p r o p i o -
phenone (10%). The seco nd  f r a c t i o n  [5 .9  g ,  bp 182-184°
(15-16 mm)] gave  a  p o s i t i v e  B e i l s t e i n  t e s t .  The p r e c i p i t a t e
47o b t a i n e d  a f t e r  t r e a t m e n t  w i t h  sod ium  i o d i d e  i n  a c e to n e
was shown t o  b e  a b rom ide  by  r e a c t i o n  w i t h  n i t r i c  a c i d  and
48carbon  t e t r a c h l o r i d e .  S p e c t r a l  d a t a  a l s o  i n d i c a t e d  t h a t  
t h e  p r o d u c t  was 4 - b r o m o b u ty l  b e n z o a t e :  i r  ( n o .  7063, n e a t )
1720 and 1275 cm ^ ( b e n z o a t e  C -0 ) ;  nmr ( n o .  3497,  CCl^)
§ 8 .0  (m, 2 ,  a r o m a t i c ) ,  7 . 4  (m, 3 ,  a r o m a t i c ) ,  4 . 3 0  ( t ,  2, 
-CH?0Bz),  3 . 4 2  ( t ,  2, -CH2B r ) ,  1 .9 3  ( t ,  4 , ' B r C H ^ C H ^  CH20 B z ) . 
R e a c t io n  o f  i n  s i t u  D ie th y lca d m iu m  ( P r e p a r e d  f rom  D i e t h y l - 
magnesium) w i t h  B enzoy l  C h l o r i d e  i n  THF.
E th y lm ag n e s iu m  b rom ide  ( 0 .2 0 0  mol)  was p r e p a r e d  a s  
d e s c r i b e d  i n  t h e  p r e v i o u s  r e a c t i o n .  A s o l u t i o n  o f  11 .7  g 
o f  d io x an e  i n  30 ml o f  a n h y d ro u s  THF was a d d ed  d ro p w ise  
t o  t h e  G r i g n a r d  r e a g e n t  and t h e  m i x t u r e  s t i r r e d  f o r  1 h r .
The p r e c i p i t a t e  was a l l o w e d  t o  s e t t l e  and  t h e  m ix t u r e  
f i l t e r e d  by  s u c t i o n  t h r o u g h  a  g l a s s  f r i t  c o n t a i n i n g  a 
l a y e r  o f  c e l i t e  i n t o  a 5 0 0 -m l ,  3 - n e c k e d ,  r o u n d -b o t to m e d  
f l a s k  w h ich  was c o o le d  i n  a  d r y  i c e - a c e t o n e  b a t h .  An 
a tm osp he re  o f  d r y  n i t r o g e n  was m a i n t a i n e d  d u r i n g  th e  
f i l t r a t i o n .  The d i e th y lm a g n e s iu m  s o l u t i o n  was t r a n s f e r r e d  
t o  an a d d i t i o n  f u n n e l  and added  d ro p w ise  t o  a s t i r r e d  m ix ­
t u r e  o f  1 8 . 3  g o f  CdCl2 ( 0 . 1  mol)  and 140 ml o f  a nhydrous
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THF. The s o l u t i o n  was r e f l u x e d  f o r  0 .5  h r ,  a f t e r  which  
t i m e  t h e  Gilman t e s t  was n e g a t i v e .  The cadmium r e a g e n t  
was t h e n  f i l t e r e d  t h r o u g h  a  g l a s s  wool p l u g  u n d e r  an  
a tm o sp h e re  o f  d r y  n i t r o g e n  i n t o  a  500-m l,  3 - n e c k e d ,  
r o u n d - b o t to m e d  f l a s k  e q u ip p e d  a s  p r e v i o u s l y  d e s c r i b e d .
A s o l u t i o n  o f  1 4 .1  g o f  b e n z o y l  c h l o r i d e  ( 0 . 1  mol) 
i n  50 ml o f  a n h y d ro u s  THF was a d d e d  d rop w ise  t o  t h e  s t i r r e d  
cadmium r e a g e n t  and t h e  m i x t u r e  r e f l u x e d  f o r  2 h r  a f t e r  
th e  a d d i t i o n  was c o m p le t e .  The r e a c t i o n  was h y d r o l y z e d  by 
p o u r i n g  t h e  m i x t u r e  o n to  100 ml o f  s a t u r a t e d  ammonium c h l o r i d e  
s o l u t i o n  and  25 g o f  i c e .  The w ork -up  was a s  p r e v i o u s l y  
d e s c r i b e d .
D i s t i l l a t i o n  o f  t h e  c r u d e  p r o d u c t  y i e l d e d  two
f r a c t i o n s .  F r a c t i o n  no .  1 ( 2 . 3 8  g) was i d e n t i f i e d  a s
e t h y l  b e n z o a t e :  bp 4 9 -5 9 °  (1 mm), n2^ D 1 .5 0 3 5  [ l i t . ^
n 25 D 1 . 5 0 6 8 ] ;  i r  ( n o .  7209, n e a t )  1720 and 1275 cm” 1
( b e n z o a t e  CO); nmr ( n o .  3662,  CCl^) |  7 .4 5  (m, 2 ,  a r o m a t i c ) ,
6 .8 1  (m, 3 ,  a r o m a t i c ) ,  3 .7 5  (m, 2 , -CKL^OBz), 0 .7 1  ( t ,  3 ,  CH^) •
F r a c t i o n  n o .  2 was i d e n t i f i e d  a s  4 - c h l o r o b u t y l  b e n z o a t e
‘SO
( 5 . 3  g ) :  bp 112-114°  (1 mm), r f *  D 1 .5200 [ l i t .  £  D
1 .5 2 0 3 ,  bp 112° (1 mm)]; i r  ( n o .  7210, n e a t )  1720 and  1275 
cm ^ ( b e n z o a t e  CO); nmr ( n o .  3 66 5 ,  CCl^) S  8 . 0  (m, 2 ,  a rom a­
t i c ) ,  7 .4 0  (m, 3 ,  a r o m a t i c ) ,  4 . 3 7  ( t ,  2, -CH^OBz), 3 .6 5  ( t ,
2 , -CH2C1), 1 . 9 4  ( t ,  4 ,  C1CH2 (CH2) 2 CH20Bz ) o
R e a c t i o n  o f  F i l t e r e d ,  i n  s i t u  D ie th y lca d m iu m  w i t h  Benzoyl
C h l o r id e  i n  E t h e r .
The e x p e r i m e n t a l  p r o c e d u r e  was t h e  same a s  t h a t  
d e s c r i b e d  f o r  t h e  f i l t e r e d  d i e th y l c a d m iu m  r e a c t i o n ,  e x c e p t  
a nhydrous  e t h e r  was s u b s t i t u t e d  f o r  THF. . The d i e t h y l ­
cadmium r e a g e n t  once formed was f i l t e r e d  t h r o u g h  a g l a s s  
wool p l u g  u n d e r  a n  a tm o s p h e re  o f  d r y  n i t r o g e n .  A s o l u t i o n
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o f  1 4 .1  g o f  b e n z o y l  c h l o r i d e  ( 0 . 1 0 0  mol) i n  50 ml o f  
an h yd ro u s  e t h e r  was ad d ed  d ro p w is e  t o  t h e  s t i r r e d  cadmium 
r e a g e n t  i n  e t h e r  and t h e  s o l u t i o n  r e f l u x e d  f o r  2 h r  a f t e r  
t h e  a d d i t i o n  was c o m p l e t e .  The r e a c t i o n  m i x t u r e  was h y d r o l y z e d ,  
washed,  d r i e d  and  c o n c e n t r a t e d  a s  p r e v i o u s l y  d e s c r i b e d .  D i s ­
t i l l a t i o n  y i e l d e d  one f r a c t i o n  [ 1 0 .6  g ,  bp 4 8 -6 0 °  (1 mm)], 
which was i d e n t i f i e d  a s  a m i x t u r e  o f  e t h y l  b e n z o a t e  and 
p r o p io p h e n o n e .  Glpc a n a l y s i s  on STAP i n d i c a t e d  t h a t  t h e  
m ix t u r e  was 80% e t h y l  b e n z o a t e ,  and  207o p r o p io p h e n o n e .
I r  (n o .  6996) and  nmr ( n o .  3518) s p e c t r a  i n d i c a t e d  t h a t
e t h y l  b e n z o a t e  was t h e  m a jo r  com ponen t .
51R e a c t i o n  o f  D ie th y lc a d m iu m  ( o n e - s t e p )  w i t h  B enza ld eh y de  
i n  E t h e r .
To p r e p a r e  t h e  on e - s t e p  r e a g e n t ,  15 ml o f  a n  e t h y l  
b rom ide  s o l u t i o n  ( 2 1 .8  g o f  e t h y l  b rom ide  ( 0 .2 0 0  mol) i n  
75 ml o f  a n h y d ro u s  e t h e r )  was ad d ed  t o  a  s t i r r e d  m i x t u r e  
of  4 . 8  g o f  m agnesium  ( 0 . 2 0  mol)  a n d  72 ml o f  a n h y d rou s  
e t h e r .  Once t h e  r e a c t i o n  had s t a r t e d ,  1 8 .3  g o f  C d C ^
(0 .1 0 0  mol)  was a d d e d .  The r e m a i n i n g  e t h y l  b rom id e  s o l u t i o n  
was ad ded  o v e r  a  p e r i o d  o f  45 m in .  A f t e r  t h e  a d d i t i o n  was 
c o m p le t e ,  t h e  s o l u t i o n  was b r o u g h t  t o  r e f l u x  f o r  2 h r  and 
t h e n  s t i r r e d  f o r  a n  a d d i t i o n a l  30 min  a t  a m b ie n t  t e m p e r a ­
t u r e .  A Gilman t e s t  was shown t o  be  n e g a t i v e .
A s o l u t i o n  o f  1 0 .5  g o f  b e n z a ld e h y d e  ( 0 .1 0 0  mol)  
i n  50 ml o f  a n h y d r o u s  e t h e r  was ad d ed  d ro p w ise  o v e r  a  
p e r i o d  o f  20 m in  t o  t h e  s t i r r e d  cadmium r e a g e n t .  A f t e r  
t h e  a d d i t i o n  was c o m p l e t e ,  t h e  r e a c t i o n  was g e n t l y  r e f l u x e d  
f o r  1 h r  and  s t i r r e d  f o r  an  a d d i t i o n a l  30 min a t  room 
t e m p e r a t u r e .  The m i x t u r e  was h y d r o l y z e d  by p o u r i n g  t h e  
s o l u t i o n  o n to  50 g o f  i c e  and 60 ml o f  s a t u r a t e d  ammonium
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c h l o r i d e  s o l u t i o n .  The l a y e r s  were  s e p a r a t e d  and t h e  
aqueous  l a y e r  e x t r a c t e d  t w i c e  w i t h  e t h e r .  The e t h e r  
l a y e r s  were  combined and d r i e d  o v e r  MgSO^. T ic  o f  t h e  
c o n c e n t r a t e d  sample  on S i l i c a  Gel HF p l a t e s  w i t h  CHCl^ 
as  t h e  e l u e n t  i n d i c a t e d  t h a t  t h e  m a jo r  component was 
e t h y l p h e n y l c a r b i n o l .  D i s t i l l a t i o n  y i e l d e d  7 .9  g o f  
e t h y l p h e n y l c a r b i n o l  (59% y i e l d ) :  bp 98-102°  (13 mm);
nmr ( n o .  3877,  CCl^) S 0 .7 8  ( t ,  CH3 ) , 1 .5 3  (m, CH2 ) ,
4 .4 2  (m, CH and OH), 7 .2 0  ( s ,  a r o m a t i c ) .
R e a c t i o n  o f  D ie thy lcadm ium  ( o n e - s t e p )  w i t h  B en za ld eh y de  i n  
THF.
The e x p e r i m e n t a l  p r o c e d u r e  was e x a c t l y  t h e  same a s  
t h a t  d e s c r i b e d  above ,  e x c e p t  t h a t  a n h y d ro u s  THF was u s e d  
as  t h e  s o l v e n t .  The aqueous  l a y e r  was e x t r a c t e d  t w i c e  
w i t h  e t h e r  and t h e  combined e th e r -T H F  s o l u t i o n  d r i e d  and 
c o n c e n t r a t e d  a s  b e f o r e .  T ic  on S i l i c a  Gel HF p l a t e s  w i t h  
CHCl^ a s  e l u e n t  i n d i c a t e d  t h e  c r u d e  p r o d u c t  ( 1 2 .1  g) was 
m a i n l y  b e n z a ld e h y d e .  D i s t i l l a t i o n  y i e l d e d  9 .8  g o f  
b e n z a ld e h y d e  (93%); bp 9 2 -9 6 °  (18 mm). No t r a c e  o f  
e t h y l p h e n y l c a r b i n o l  was o b s e r v e d .
R e a c t i o n  o f  C e n t r i f u g e d ,  i n  s i t u  D ie thy lcadm ium  ( B r , C l )  
w i t h  B e n za ld eh yd e  i n  E t h e r .
A. S u p e r n a t a n t :
E thy lm agnes ium  b ro m id e ,  p r e p a r e d  from 2 .4 3  g o f  
magnesium ( 0 .1 0 0  m o l ) ,  40 ml o f  a n h y d ro u s  e t h e r ,  and 
1 0 .9  g o f  e t h y l  bromide  (0 .1 0 0  mol)  i n  10 ml o f  a n h y d ro u s  
e t h e r ,  was ad ded  t o  a  s t i r r e d  m i x t u r e  o f  9 .2  g o f  CdCl2 (0 .0 5 0  
mol) and  60 ml o f  a n h y d ro u s  e t h e r .  The Gilman t e s t  was n e g a ­
t i v e  a f t e r  45 min a t  room t e m p e r a t u r e .  The d i e th y lc a d m iu m  
r e a g e n t  was t h e n  c e n t r i f u g e d  i n  g l a s s  c e n t r i f u g e  t u b e s
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u n d e r  a n  a tm o sp h e re  o f  d r y  n i t r o g e n ,  and t h e  s u p e r n a t a n t  
r e a g e n t  was t r a n s f e r r e d  t o  a r e a c t i o n  f l a s k .
To t h i s  was added a  s o l u t i o n  o f  5 . 3  g o f  b e n z a ld e h y d e
( 0 .0 5  mol)  i n  10 ml o f  a n h y d ro u s  e t h e r  d ro p w ise  o v e r  a
p e r i o d  o f  5 min,  and t h e n  t h e  m ix t u r e  was r e f l u x e d  f o r  1 h r .
The m i x t u r e  was c o o le d  i n  a n  i c e  b a t h  and h y d r o l y z e d  w i t h
50 ml o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The l a y e r s
were  s e p a r a t e d  and t h e  a q u eo u s  l a y e r  e x t r a c t e d  t w i c e  w i t h
e t h e r .  The e t h e r  l a y e r s  w ere  combined, d r i e d ,  c o n c e n t r a t e d
on a  r o t a r y  e v a p o r a t o r ,  a n d  t h e  c ru d e  p r o d u c t  d i s t i l l e d .
Two f r a c t i o n s  were o b t a i n e d :  F r a c t i o n  n o .  1 [ 3 .1  g,  bp
66-70°  ( 1 . 5  mm)] was i d e n t i f i e d  a s  75% e t h y l p h e n y l c a r b i n o l ,
12.5% b e n z a ld e h y d e ,  and 12.5% p ro p io p h e n o n e  by  nmr (n o .  4122)
a n a l y s i s .  F r a c t i o n  no.  2 [ 2 . 3  g ,  bp 70 -73°  ( 1 . 5  mm)] was
shown by  nmr (n o .  4123) t o  be e t h y l p h e n y l c a r b i n o l .  The
nmr a n a l y s i s  was c o n d u c te d  by  i n t e g r a t i n g  t h e  m e th y le n e
0 OE
r e s o n a n c e s :  £ 2 .6 5  (m, -C-CH9- )  and 1 .6 1  (m, -C -CH^-) ,
0
and t h e  a ld e h y d e  r e s o n a n c e  a t  9 .8 7  (C -H ) . N o rm al ized  
p e r c e n t a g e s  were t h e n  c a l c u l a t e d  a f t e r  making t h e  r e q u i r e d  
s t a t i s t i c a l  c o r r e c t i o n s .  On t h e  b a s i s  o f  t h e s e  f i g u r e s ,  
t h e r e  was o b t a i n e d  68.4%, e t h y l p h e n y l c a r b i n o l ,  7.3%, r e c o v e r y  
o f  b e n z a l d e h y d e ,  and 5.7%, p ro p io p h e n o n e .  The i n f r a r e d  
s p e c t r u m  ( n o .  7257) a l s o  i n d i c a t e d  t h e  p r e s e n c e  o f  p r o ­
p io p h e n o n e  i n  t h e  c ru d e  p r o d u c t .
B. R e s i d u e :
The r e s i d u a l ,  s o l i d  m a t e r i a l  a f t e r  c e n t r i f u g a t i o n  
o f  t h e  a b o v e  r e a g e n t  was m ixed w i t h  75 ml o f  a n h y d ro u s  
e t h e r  a n d  t r e a t e d  w i t h  b e n z a ld e h y d e  e x a c t l y  a s  d e s c r i b e d  
a b o v e .  A f t e r  h y d r o l y s i s ,  w o rk -u p ,  and d i s t i l l a t i o n ,  t h e r e  
was o b t a i n e d  4 . 0  g o f  m a t e r i a l ,  bp 37-45°  ( 1 . 5  mm). I t  
was i d e n t i f i e d  a s  b e n z a ld e h y d e  (76% r e c o v e r y )  by i t s  nmr 
( n o .  3878)  and i r  (n o .  7242)  s p e c t r a .
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R e a c t i o n  o f  i n  s i t u  D ie th y lca d m iu m  ( B r , C l )  w i t h  B e n za ld eh y de  
i n  E t h e r .
The G r ig n a r d  r e a g e n t ,  p r e p a r e d  f rom  4 . 8  g o f  magnesium 
( 0 . 2 0  m l) ,  100 ml e t h e r ,  and  2 1 .8  g o f  e t h y l  b ro m id e  (0 .2 0 0  
m o l ) ,  was added  d ro p w ise  t o  a  s t i r r e d  s o l u t i o n  o f  1 8 .4  g o f  
CdCl2 (0 .100  mol)  and 120 ml o f  a n h y d ro u s  e t h e r .  A f t e r  t h e  
a d d i t i o n  was c o m p l e t e ,  t h e  cadmium r e a g e n t  was s t i r r e d  a t  
a m b ie n t  t e m p e r a t u r e  f o r  45 m in .  Then 1 0 .6  g o f  b e n z a ld e h y d e  
( 0 .1 0 0  mol) d i s s o l v e d  i n  20 ml o f  a n h y d ro u s  e t h e r  was added 
d ro p w ise  t o  t h e  s t i r r e d  cadmium r e a g e n t  o v e r  a p e r i o d  o f  
10 min.  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  an  a d d i t i o n a l  
60 min,  c o o le d  i n  an  i c e  b a t h ,  and h y d r o l y z e d  w i t h  100 ml o f  
s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The w ork -up  was t h e  
same as  d e s c r i b e d  p r e v i o u s l y ,  two f r a c t i o n s  b e i n g  o b t a i n e d  
on  d i s t i l l a t i o n :  F r a c t i o n  no .  1 [ 1 . 2  g ,  bp 3 5 - 5 1 . 5 °  ( 0 . 5  mm)]
was i d e n t i f i e d  by nmr ( n o .  3711) and  t i c  a s  b e n z a ld e h y d e .  
F r a c t i o n  no.  2 [ 7 . 2  g ,  bp 5 2 - 5 5 . 5 °  ( 0 . 5  mm)] was i d e n t i f i e d  
b y  nmr (no.  3 7 1 2 ) ,  i r  ( n o .  7233) and  t i c  t o  be  e t h y l p h e n y l ­
c a r b i n o l  (53% y i e l d ) .
R e a c t i o n  o f  i n  s i t u  Dimethylcadmium ( I , C l )  w i t h  p - N i t r o -  
a c e to p h e n o n e  i n  E t h e r .
To a  m i x t u r e  o f  7 .5 5  g o f  C d C ^  ( 4 5 . 4  mmol) and 
160 ml o f  a n h y d ro u s  e t h e r ,  c o o le d  i n  a n  i c e  b a t h ,  was 
a d ded  4 5 .4  ml o f  e t h e r e a l  2 M MeMgl ( 9 0 .9  mmol) a t  such  
a  r a t e  t h a t  no e b u l l i t i o n  o c c u r r e d .  The b a t h  was removed 
and  t h e  m i x t u r e  s t i r r e d  f o r  30 m in  b e f o r e  a  Gilman t e s t  
was t a k e n .
A s o l u t i o n  o f  5 . 0 0  g o f  £ - n i t r o a c e t o p h e n o n e  ( 3 0 .3  
mmol) i n  20 ml o f  a n h y d ro u s  e t h e r  was added  d r o p w is e  t o
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t h e  d im e thy lcadm ium  r e a g e n t ,  w h ic h  was c o o le d  t o  0° by 
means o f  a n  i c e  b a t h .  The b a t h  was removed a f t e r  t h e  
a d d i t i o n  was c o m p le te  (25 min) and  t h e  m i x t u r e  s t i r r e d  f o r  
1 h r .  The m i x t u r e  was t h e n  c o o l e d  and h y d r o l y z e d  w i t h  
s a t u r a t e d  NaHCO^ s o l u t i o n .  The l a y e r s  w ere  s e p a r a t e d  and  
t h e  a q ueo u s  l a y e r  e x t r a c t e d  t w i c e  w i t h  e t h e r .  A f t e r  com­
b i n i n g  t h e  e t h e r  l a y e r s ,  d r y i n g  o v e r  MgSO^, and c o n c e n t r a t ­
i n g  on a  r o t a r y  e v a p o r a t o r  a t  2 5 ° ,  t h e r e  was o b t a i n e d  5 . 4  g 
o f  c r u d e  p r o d u c t :  i r  ( n o .  8 46 2 ,  n e a t )  3450 (OH) and 1530,
1350 cm 1 (N02) ; nmr ( n o .  6159 ,  C C l ^ )  S  1 .5 4  ( s ,  CH2C (0H )) ,
7 .9 0  (m, a r o m a t i c ) .  Both  i r  and  nmr s p e c t r a  i n d i c a t e d  t h a t  
v e r y  l i t t l e  k e t o n e  was l e f t  i n  t h e  c ru d e  p r o d u c t .  A t t e m p te d  
d i s t i l l a t i o n  o f  t h e  sam ple  a t  r e d u c e d  p r e s s u r e  c a u s e d  decom­
p o s i t i o n  and  s o l i d i f i c a t i o n  o f  t h e  r e s i d u e .  T h is  c a n  be  
a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  cadmium s a l t s  which  c a u s e  
d e h y d r a t i o n  a t  e l e v a t e d  t e m p e r a t u r e s  d u r i n g  t h e  d i s t i l l a t i o n .  
A t t e m p te d  rem o v a l  o f  t h e  cadmium s a l t s  i n  o t h e r  r e a c t i o n  ru n s  
by  a d d i t i o n  o f  be n ze n e  c a u s e d  p r e c i p i t a t i o n  o f  a  gum w h ic h  
was o n l y  s o l u b l e  i n  m e t h y l e n e  c h l o r i d e .  T h is  i n d i c a t e d  t h a t  
t h e  cadmium s a l t s  p r e s e n t  a r e  h e l d  t i g h t l y  and c a n n o t  be  
p r e c i p i t a t e d  a l o n e .  F u r t h e r  p u r i f i c a t i o n  was n o t  a t t e m p t e d .  
R e a c t i o n  o f  i n  s i t u  D ie th y lc a d m iu m  ( B r ,C l )  w i t h  m - N i t r o -  
b e n z a ld e h y d e  i n  E t h e r .
To a  c o l d ,  s t i r r e d  m i x t u r e  o f  6 .1 3  g o f  CdCl2 ( 3 3 . 5  
mmol) and 20 ml o f  a n h y d ro u s  e t h e r  was added  89 ml o f  e t h e r e a l  
0 .7 5  M C2H^MgBr a t  s u c h  a  r a t e  t h a t  no e b u l l i t i o n  o c c u r r e d .
The r e s u l t a n t  m i x t u r e  was s t i r r e d  f o r  30 min a t  a m b ie n t  
t e m p e r a t u r e  b e f o r e  a  Gilman t e s t  was shown t o  b e  n e g a t i v e .
A s o l u t i o n  o f  1 0 .1  g o f  m - n i t r o b e n z a l d e h y d e  i n  
25 ml o f  THF was added  d r o p w is e  (15 min)  t o  t h e  s t i r r e d
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d ie th y l c a d m iu m  r e a g e n t  a t  a m b ie n t  t e m p e r a t u r e .  The m i x t u r e  
was s t i r r e d  f o r  45 min a f t e r  t h e  a d d i t i o n  was c o m p le t e .
The m i x t u r e  was t h e n  h y d r o l y z e d  by  p o u r i n g  o n to  20 g o f  i c e  
and  60 ml o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The 
o r g a n i c  l a y e r  was s e p a r a t e d  and t h e  a q u eo u s  l a y e r  e x t r a c t e d  
t w i c e  w i t h  e t h e r .  A f t e r  d r y i n g  and c o n c e n t r a t i n g  on a 
r o t a r y  e v a p o r a t o r ,  t h e  c r u d e  p r o d u c t  ( 1 2 . 3  g) was d i s t i l l e d  
u n d e r  vacuum. M a t e r i a l  was c o l l e c t e d  ( 5 . 9 2  g) whose b o i l ­
i n g  p o i n t  r a n g e d  f rom  144° t o  159° ( 1 .1 5  mm). A f t e r  s t a n d ­
i n g ,  a s o l i d  formed w hich  was removed by  s u c t i o n  f i l t r a t i o n .
T h i s  was i d e n t i f i e d  a s  m - n i t r o p r o p i o p h e n o n e : 1 .2  g ,  mp
8 8 -8 9 °  [ l i t . 52 mp 8 8 - 8 9 ° ] ;  i r  ( n o .  3622,  m u l l )  1695 cm"1 
(CO); nmr ( n o .  4541 ,  CCl^) £ 0 .9 6  ( t ,  CH^), 2 .8 0  (m, CEL^),
7 .7 9  (m, a r o m a t i c ) .  The r e s i d u a l  l i q u i d  was t e n t a t i v e l y  
i d e n t i f i e d  a s  m - n i t r o b e n z y l  a l c o h o l :  i r  ( n o .  3621, n e a t )
3475 cm 1 (OH); nmr (n o .  4540 ,  CCl^) S 4 . 2 0  ( s ,  OH),
4 . 3 5  ( s ,  CH^), 7 .6 3  (m, a r o m a t i c ) .
R e a c t i o n  o f  i n  s i t u  D ie th y lca d m iu m  ( B r ,C l )  w i t h  C y c lo h e x a n o n e .
D i e t h y l  cadmium was p r e p a r e d  by a d d i t i o n  o f  77 ml o f  
0 .8 7  M e th y lm a g n e s iu m  b ro m id e  (0 .0 6 7  mol)  t o  a  s t i r r e d  m i x t u r e  
o f  7 .1 3  g o f  C d C ^  ( 0 .0 3 3  mol)  and  60 ml o f  anh y d ro u s  e t h e r .
The Gilman t e s t  was n e g a t i v e  a f t e r  15 min a t  a m b ie n t  t e m p e r a ­
t u r e .  A s o l u t i o n  o f  1 . 0  g o f  c y c lo h e x a n o n e  ( 0 .0 1 0  mol) i n  15 
ml o f  a n h y d ro u s  e t h e r  was added  d ro p w ise  t o  t h e  s t i r r e d ,  d i e t h y l ­
cadmium r e a g e n t  o v e r  a  p e r i o d  o f  5 m in .  The m i x t u r e  was 
s t i r r e d  f o r  180 min a f t e r  t h e  a d d i t i o n  was com p le te  and 
t h e n  c o o l e d  i n  an  i c e  b a t h  and h y d r o l y z e d  w i t h  50 ml o f  
s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The l a y e r s  were 
s e p a r a t e d  and  t h e  aqu eo us  l a y e r  e x t r a c t e d  t w i c e  w i t h  e t h e r .
The e t h e r  l a y e r s  were  combined and d r i e d  o v e r  MgSO^. A f t e r  
rem o v a l  o f  t h e  d r y i n g  a g e n t  by  f i l t r a t i o n  and c o n c e n t r a t i o n
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by u se  o f  a  r o t a r y  e v a p o r a t o r ,  t h e  c r u d e  p r o d u c t  w e ighed  
1 .0  g .  Glpc a n a l y s i s  on Carbowax showed v e r y  l i t t l e  o f  
th e  d e s i r e d  a l c o h o l  t o  be p r e s e n t ,  cy c lo h ex a n o n e  b e in g  
the  m a jo r  c o n s t i t u e n t .
R e a c t io n  o f  i n  s i t u  D ie thy lcadm ium  ( I , C l )  w i t h  C y c lo h e x a n o n e .
D ie th y lc a d m iu m  was p r e p a r e d  by th e  a d d i t i o n  o f  95 ml 
o f  1 .5 0  M e th y lm a g n e s iu m  i o d i d e  ( 0 .1 4 3  mol) t o  a  s t i r r e d  
m ix tu r e  o f  13 .05  g o f  C d C ^  (0 .0 7 1  mol) and 90 ml o f  
anhydrous  e t h e r .  The Gilman t e s t  was n e g a t i v e  a f t e r  
15 min a t  a m b ie n t  t e m p e r a t u r e .  A s o l u t i o n  o f  3 .5  g o f  
c y c lo h ex a n o n e  ( 0 .0 3 6  mol)  i n  15 ml o f  a nhydrous  e t h e r  
was added  d ro p w ise  o v e r  a  p e r i o d  o f  5 m in .  The m i x t u r e  
was s t i r r e d  f o r  180 min a f t e r  t h e  a d d i t i o n  was c o m p le t e ,  
t h e n  c o o l e d  i n  a n  i c e  b a t h ,  and h y d r o l y z e d  w i t h  50 ml o f  
s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The l a y e r s  were 
s e p a r a t e d  and t h e  aqueo u s  l a y e r  e x t r a c t e d  w i t h  e t h e r .
The e t h e r  l a y e r s  w ere  combined and d r i e d  o v e r  MgSO^.
A f t e r  rem o va l  o f  t h e  d r y i n g  a g e n t  b y  f i l t r a t i o n  and 
c o n c e n t r a t i o n  on a  r o t a r y  e v a p o r a t o r ,  t h e  c ru d e  p r o d u c t  
weighed 3 . 5  g .  A n a l y s i s  on Carbowax and FFAP i n d i c a t e d  
t h a t  t h e  e n t i r e  p r o d u c t  was 1 - e  t h y  I c y  c l  ohexa.no 1; no 
c y c lo h ex a n o n e  a p p e a r e d  i n  t h e  g l p c  a n a l y s i s .  On t h i s  
b a s i s  t h e  y i e l d  o f  a l c o h o l  was 80%.
R eaction o f Ethylcadm ium  H a lid e  ( I , C l )  w ith  Cyclohexanone.
E thy lcadm ium  h a l i d e  was p r e p a r e d  by t h e  a d d i t i o n  o f  
100 ml o f  1 .5  M e th y lm a g n e s iu m  i o d i d e  ( 0 .1 5  mol) t o  a  s t i r r e d  
m ix t u r e  o f  2 7 .3  g o f  C d C ^  ( 0 .1 5  mol)  and 90 ml o f  anh y d ro u s  
e t h e r i  The G ilman t e s t  was n e g a t i v e  a f t e r  30 min a t  a m b ie n t
\ y
t e m p e r a t u r e .  A s o l u t i o n  o f  3 . 0  g o f  c y c lo h e x a n o n e  (0 .0 3 1  
mol) i n  15 ml o f  a n h y d ro u s  e t h e r  was added d ro p w ise  t o  t h e
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s t i r r e d  cadmium r e a g e n t .  The m i x t u r e  was s t i r r e d  f o r  180 
min at. a m b i e n t  t e m p e r a t u r e ,  t h e n  c o o l e d  i n  a n  i c e  b a t h ,  a n d  
h y d r o l y z e d  w i t h  50 ml of  s a t u r a t e d  ammonium c h l o r i d e  s o l u ­
t i o n .  A f t e r  t h e  l a y e r s  were worked up a s  d e s c r i b e d  p r e ­
v i o u s l y ,  2 . 8  g o f  c rude  p r o d u c t  was i s o l a t e d .  The sam ple  
was shown t o  c o n t a i n  b o th  c y c lo h e x a n o n e  and  c y c lo h e x a n o l  
f rom i t s  i r  ( n o .  7390) and nmr (no .  47 1 8 )  s p e c t r a .  Glpc 
a n a l y s i s  on  Carbowax. i n d i c a t e d  t h a t  t h e  m i x t u r e  was 33% 
1 - e t h y l c y c l o h e x a n o l .  Based on t h e  am ount  i s o l a t e d ,  t h i s  
c o r r e s p o n d e d  t o  a  22.6% y i e l d  o f  a l c o h o l ,  w h i l e  62% o f  t h e  
c y c lo h e x a n o n e  was r e c o v e r e d .
R e a c t i o n  o f  i n  s i t u  Dimethylcadmium ( I , C l )  w i t h  C y c lo h e x a n o n e .
Dimethylcadmium was p r e p a r e d  b y  t h e  a d d i t i o n  o f  85 ml 
o f  1 .79  M m ethylm agnes ium  i o d i d e  ( 0 . 1 5 2  mol)  t o  a  s t i r r e d  
m i x t u r e  o f  1 3 .9  g o f  CdC^ ( 0 .0 7 6  m ol)  and  90 ml o f  a n h y ­
d ro u s  e t h e r .  The Gilman t e s t  was shown t o  be  n e g a t i v e  a f t e r
15 min a t  a m b i e n t  t e m p e r a t u r e .  A s o l u t i o n  o f  3.7  g o f  c y c l o ­
h ex anone  ( 0 . 0 3 8  mol) in  15 ml o f  a n h y d r o u s  e t h e r  was ad ded
d ro p w is e  t o  t h e  s t i r r e d  cadmium r e a g e n t  o v e r  a  p e r i o d  o f  5 
m in .  The r e a c t i o n  was s t i r r e d  f o r  40 m in  a f t e r  t h e  a d d i t i o n  
was c o m p l e t e ,  t h e n  c o o led  i n  a n  i c e  b a t h  and h y d r o ly z e d  w i t h  
50 ml o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The l a y e r s  
were  s e p a r a t e d  and t h e  aqueous l a y e r  e x t r a c t e d  t w i c e  w i t h  
e t h e r ,  t h e  e t h e r  l a y e r s  b e i n g  combined and  d r i e d  o v e r  MgSO^. 
A f t e r  r e m o v a l  o f  t h e  d r y i n g  a g e n t  by  f i l t r a t i o n  and  c o n ­
c e n t r a t i o n  b y  u s e  o f  a  r o t a r y  e v a p o r a t o r ,  t h e  c ru d e  p r o d u c t  
we ighed  4 . 0  g .  Glpc a n a l y s i s  on A p ie z o n  L i n d i c a t e d  o n l y  
1 - m e t h y l c y c l o h e x a n o l ,  w i th  no t r a c e  o f  c y c lo h e x a n o n e .
Y i e ld  b a s e d  on 4 . 0  g of p r o d u c t  was 93%.
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R e a c t i o n  o f  M ethy lcyc lohexoxycadm ium  ( I , C l )  w i t h  C y c lo h e x a ­
none  .
Dimethylcadmium r e a g e n t  was p r e p a r e d  by t h e  a d d i t i o n  
o f  87 ml o f  1 .8 3  M m e th y lm agn es iu m  i o d id e  (0 .1 5 9  m ol)  t o  a 
s t i r r e d  m i x t u r e  o f  14 .5  g o f  CdCl^ (0 .079  mol)  and  90 ml 
o f  a n h y d ro u s  e t h e r .  The G i lm an  t e s t  was n e g a t i v e  a f t e r  
15 min a t  am bien t  t e m p e r a t u r e .  The cadmium r e a g e n t  was 
t h e n  c o o l e d  i n  an i c e  b a t h ,  and  7 . 8  g o f  f r e s h l y  d i s t i l l e d  
c y c l o h e x a n o l  (0 .0 79  mol) d i s s o l v e d  i n  15 ml o f  a n h y d r o u s  
e t h e r  was added d r o p w is e .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  
t h e  b a t h  was removed and t h e  m i x t u r e  s t i r r e d  f o r  30 m in  
a t  a m b ie n t  t e m p e r a t u r e .  A s o l u t i o n  o f  3 .8  g o f  c y c lo h e x a n o n e  
( 0 .0 3 9 5  mol)  i n  15 ml o f  a n h y d r o u s  e t h e r  was ad d ed  d r o p w is e  
o v e r  a  p e r i o d  o f  5 min .  The r e a c t i o n  m ix tu r e  was s t i r r e d  
f o r  40 m in ,  t h e n  c o o le d  i n  a n  i c e  b a t h ,  and h y d r o l y z e d  w i t h  
50 ml o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  The l a y e r s  
were  s e p a r a t e d ,  t h e  aq u eo u s  l a y e r  b e in g  e x t r a c t e d  t w i c e  
w i t h  e t h e r .  The e t h e r  l a y e r s  w e re  combined,  d r i e d ,  and  
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r ;  t h e  f i n a l  c r u d e  p r o d u c t  
w e ig hed  1 0 .4  g .  Glpc a n a l y s i s  on Apiezon  L and STAP showed 
t h a t  19.9% o f  th e  m i x t u r e  was 1 - m e t h y l c y c l o h e x a n o l  ( t o g e t h e r  
w i t h  c y c lo h e x a n o n e  and c y c l o h e x a n o l )  . A c o m p a r i s o n  o f  t h e  
a r e a s  u n d e r  t h e  1 - m e t h y l c y c l o h e x a n o l  and c y c l o h e x a n o n e  peaks  
i n d i c a t e d  t h a t  t h i s  r a t i o  c o r r e s p o n d e d  to  40% 1 - m e t h y l c y c l o -  
h e x a n o l .  The y i e l d  o f  1 - m e t h y l c y c l o h e x a n o l  b a s e d  on  i s o l a t e d  
p r o d u c t  was 19.9% o f  1 0 . 4  g ,  o r  2 . 0  g (45% y i e l d ) :  nmr
(n o .  4711) and i r  (no .  7389)  s p e c t r a  i n d i c a t e d  t h a t  t h e  
i s o l a t e d  p r o d u c t  was i n d e e d  a  m i x t u r e  o f  t h e  t h r e e  com­
p o n e n t s .
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The R e a c t i o n  o f  i n  s i t u  Dimethylcadmium ( I , C l )  w i t h  A c e t o - 
ph e n o n e .
A s o l u t i o n  o f  3 8 .8  ml o f  1 .7  M MeMgl (66 mmol) was 
added t o  a s t i r r e d ,  c o l d  m i x t u r e  o f  6 . 1  g o f  C dC ^  ( 3 3 .3  
mmol) and 45 ml o f  anh y d rou s  e t h e r .  T h is  a d d i t i o n  was 
c a r r i e d  o u t  s u c h  t h a t  no e b u l l i t i o n  o c c u r r e d .  The s o l u ­
t i o n  was t h e n  s t i r r e d  a t  a m b ie n t  t e m p e r a t u r e  f o r  15 min 
b e f o r e  a  Gilman t e s t  was t a k e n .
A 2 . 0 - g  sam ple  o f  a c e to p h e n o n e  ( 1 6 .7  mmol), d i s ­
s o lv e d  i n  10 ml o f  anh y d rou s  e t h e r ,  was added  d ro p w ise  t o  
th e  s t i r r e d  d im ethy lcadm ium  r e a g e n t .  The s o l u t i o n  was 
s t i r r e d  f o r  1 h r  a f t e r  t h e  a d d i t i o n  was c o m p l e t e .  The 
m ix t u r e  was c o o l e d  i n  a n  i c e  b a t h  and h y d r o l y z e d  w i t h  
50 ml o f  s a t u r a t e d  NaHCO^ s o l u t i o n .  The i c e  b a t h  was removed 
and t h e  m i x t u r e  s t i r r e d  f o r  a n  a d d i t i o n a l  5 min .  The l a y e r s  
were  s e p a r a t e d ,  t h e  aqueous  l a y e r  b e i n g  e x t r a c t e d  t w i c e  w i t h  
e t h e r .  The e t h e r  l a y e r s  w ere  combined and  d r i e d  o v e r  MgSO^. 
The d r y i n g  a g e n t  was removed by f i l t r a t i o n  and t h e  e t h e r  
s o l u t i o n  c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a t o r .  F i n a l  w e i g h t  
o f  p r o d u c t  was 2 . 3  g .  The i n f r a r e d  s p e c t r u m  (n o .  7745) 
c o n t a i n e d  o n ly  weak c a r b o n y l  a b s o r p t i o n  a t  1695 cm 
nmr (n o .  4913 ,  CCl^) £ 1 . 4 6  ( s ,  6 ,  CH^)» 3 .4 0  ( s ,  1 ,  OH),
7 .29  (m, 5 ,  a r o m a t i c ) .
R eaction  o f in  s i t u  D i-n -propylcadm ium  (B r ,B r )  w ith  H e p ta n a l.
A s o l u t i o n  o f  1 5 .1  ml o f  2 . 3 2  M n-PrMgBr ( 3 5 .1  mmol) 
was added t o  a  s t i r r e d ,  c o l d  m ix tu r e ,  o f  4 .7 7  g C d B ^  ( 1 7 .6  
mmol) and 28 ml o f  a n h y d ro u s  e t h e r .  T h is  a d d i t i o n  was 
c a r r i e d  o u t  su c h  t h a t  no e b u l l i t i o n  o c c u r r e d .  The i c e  
b a t h  was removed and t h e  s o l u t i o n  s t i r r e d  f o r  15 min 
b e f o r e  a Gilman t e s t  was t a k e n .
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A s o l u t i o n  o f  2 .0  g o f  h e p t a n a l  (1 7 .6  mmol) i n  10 ml 
o f  an hy d ro u s  e t h e r  was added d r o p w i s e  t o  th e  s t i r r e d  cadmium 
r e a g e n t .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  r e a c t i o n  m ix ­
t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  90 m in .  The m i x t u r e  was 
c o o le d  i n  an  i c e - s a l t  b a t h  and h y d r o l y z e d  w i th  50 ml o f  
s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  such  t h a t  t h e  t e m p e r a ­
t u r e  d i d  n o t  e x c e e d  20° .  The l a y e r s  were  s e p a r a t e d ,  t h e  
aqueous l a y e r  b e i n g  e x t r a c t e d  t w i c e  w i t h  e t h e r .  The e t h e r  
l a y e r s  w ere  com bined  and d r i e d  o v e r  MgSO^. The d r y i n g  
a g e n t  was removed by  f i l t r a t i o n  a n d  t h e  s o l u t i o n  c o n c e n ­
t r a t e d  on a  r o t a r y  e v a p o r a t o r  a t  25° o r  be low .  Y i e ld  o f  
c rude  p r o d u c t  was 2 .3  g .  Glpc a n a l y s i s  on Apiezon L i n d i ­
c a t e d  t h a t  t h e r e  was 1.7% h e p t a n a l ,  3.6% h e p t a n o l ,  6.5% 
4 - d e c a n o n e ,  a n d  88.2% 4 - d e c a n o l .  H e p ta n o l  was p r e p a r e d  
by LiAlH^ r e d u c t i o n  o f  h e p t a n a l  a n d  4 - d e c a n o l  p r e p a r e d  by
re a c tio n  o f n-PrM gB r on h e p ta n a l. The p re p a ra tio n  and
53i d e n t i f i c a t i o n  o f  4 -d ec an o n e  was done  by  E. G o l l e r .
R eaction  o f n -P ro p y l cadmium Bromide w ith  H e p ta n a l.
E x p e r i m e n t a l  c o n d i t i o n s  w e re  t h e  same as  t h o s e  
d e s c r i b e d  a b o v e ,  e x c e p t  t h a t  i n  t h i s  c a s e  9 .5 4  g o f  CgB ^  
(3 5 .2  mmol) was u s e d  and t h e  s o l u t i o n  was s t i r r e d  f o r  
30 min b e f o r e  a  Gilman t e s t  was t a k e n .  The c rude  p r o d u c t  
weighed 2 . 1  g an d  was shown b y  g l p c  t o  c o n s i s t  o f  t h e  
f o l l o w i n g :  5 .0% h e p t a n a l ,  15.4% h e p t a n o l ,  23.1% 4 - d e c a n o n e ,
and 56.5%, 4 - d e c a n o l .
54R e a c t i o n  o f  Pheny lm agnes ium  Bromide  w i t h  2 - P h e n y l p r o p a n a l .
The e x p e r i m e n t a l  p r o c e d u r e  was e x a c t l y  t h e  same a s  
t h a t  d e s c r i b e d  b e lo w ,  e x c e p t  no C d C ^  was added .  Nmr 
a n a l y s i s  ( n o .  5936) a f t e r  w o rk -up  an d  i s o l a t i o n  i n d i c a t e d  
t h a t  t h e  r a t i o  o f  t h e  d i a s t e r e o m e r i c  a l c o h o l s  was 87%, 
e r y t h r o  and  13%, t h r e o ,  p l u s  o r  m in u s  3%. The r a t i o  o f  
th e  d i a s t e r e o m e r s  was d e te r m in e d  b y  i n t e g r a t i n g  t h e  a r e a s
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u n d e r  t h e  d i a s t e r e o m e r i c " ^  m e t h y l  d o u b l e t s  a t  a  sweep w id th  
o f  100 c p s .
R e a c t i o n  o f  i n  s i t u  D iphenylcadm ium  (B r ,C l )  wi t h  2 - P h e n y lp r o -  
p a n a l .
A s o l u t i o n  o f  1 5 .5  ml o f  1 .92  M PhMgBr ( 2 9 . 8  mmol) 
was a d d e d  t o  a s t i r r e d ,  c o l d  m i x t u r e  o f  2 .7 4  g o f  C d C ^
( 1 4 .9  mmol) and 22 ml o f  a n h y d ro u s  e t h e r .  T h i s  a d d i t i o n  
was c a r r i e d  o u t  such t h a t  no  e b u l l i t i o n  o c c u r r e d .  A f t e r  
t h e  a d d i t i o n  was com ple te ,  t h e  s o l u t i o n  was s t i r r e d  a t  
a m b i e n t  t e m p e r a t u r e  f o r  15 m in  b e f o r e  a Gilman t e s t  was 
t a k e n .
A s o l u t i o n  o f  2 . 0  g o f  2 - p h e n y l p r o p a n a l  i n  10 ml 
o f  a n h y d r o u s  e t h e r  was a d d e d  d ro p w ise  t o  t h e  d ipheny lcadm ium  
r e a g e n t ,  w h i l e  th e  i n t e r n a l  t e m p e r a t u r e  was m a i n t a i n e d  below 
5° by  means o f  an i c e  b a t h .  A f t e r  t h e  a d d i t i o n  was com ple te ,  
t h e  m i x t u r e  was s t i r r e d  f o r  15 m in  a t  0 ° .  The b a t h  was 
removed and t h e  m ix tu r e  s t i r r e d  f o r  an  a d d i t i o n a l  105 min.
The m i x t u r e  was co o led  t o  0°  and h y d r o ly z e d  w i t h  30 ml of  
s a t u r a t e d  NaHCO^ s o l u t i o n ,  t h e  i n t e r n a l  t e m p e r a t u r e  b e in g  
k e p t  b e lo w  1 0 ° .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  b a th  
was rem oved  and th e  m i x t u r e  s t i r r e d  f o r  an  a d d i t i o n a l  5 min.
The l a y e r s  were  t h e n  s e p a r a t e d ,  t h e  a q u e o u s  l a y e r  b e i n g  
e x t r a c t e d  t w i c e  w i th  e t h e r .  The e t h e r  l a y e r s  w e re  combined 
and d r i e d  o v e r  MgSO^. A f t e r  rem ova l  o f  t h e  d r y i n g  a g e n t  5
a n d  c o n c e n t r a t i o n  on a  r o t a r y  e v a p o r a t o r  a t  25° o r  be low, 
t h e  f i n a l  w e ig h t  o f  c r u d e  p r o d u c t  was 3 .2 '  g .  Nmr a n a l y s i s  
( n o .  5 9 3 7 )  i n d i c a t e d  t h a t  a l l  o f  th e  s t a r t i n g  m a t e r i a l  had 
r e a c t e d .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  r a t i o  was t h e  
f o l l o w i n g :  e r y t h r o , 90%>; t h r e o , 10% ( ^  3%). T h e s e  were
a l s o  d e t e r m i n e d  by i n t e g r a t i o n  o f  t h e  a r e a s  u n d e r  t h e  
d i a s t e r e o m e r i c  m ethyl  d o u b l e t s  a t  a sweep w i d t h  o f  100 c p s .











T a b l e  2 
GLPC A n a l y s i s  C o n d i t i o n s
Compound Column ^  _________T e m p e r a t u r e __________  F lo w  ml /m in  R e t e n t i o n  t i m e
Column I n j  e c t o r  D e t e c t o r  ( m i n u t e s )
OH a .  STAP 165°  220° 260°  40  5 . 1 3
CH3 b .  A p i e z o n  L 165° 220° 260°  40  4 . 2 3
a .  STAP 165°  220°  260°  40  5 . 9 1
b .  A p i e z o n  L 165°  220° 260° 40  5 . 4 1
OH
H
a .  STAP 165°  220° 260° 40 7 . 2 4
b .  A p i e z o n  L 165° 220° 260°  40 5 . 4 1
OH c# c a r b o w a x 2 160° 260° 270°  40 2 . 3 4
CH2 CH3 d .  STAP 155°  250° 270°  40  6 . 6 2
e .  FFAP 190°  230° 270°  75 7 . 4 6
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P re p a ra tio n  o f Anhydrous Magnesium Io d id e .
53T h is  s a l t  was p r e p a r e d  by  E. J .  G o l l e r .
P re p a ra tio n  o f Anhydrous Magnesium B rom ide.
Magnesium b ro m id e  was p r e p a r e d  a s  p r e v i o u s l y
repo rted
R e a c t io n  o f  M ethy lm agnes ium  Bromide and  I o d i d e  w i th  
4 - t - B u t y l ’c y c l o h e x a n o n e .
The f o l l o w i n g  p r o c e d u r e  w i l l  s e r v e  t o  i l l u s t r a t e  t h e  
r e a c t i o n  o f  t h e  v a r i o u s  G r ig n a rd  and l i t h i u m  r e a g e n t s  w i t h  
4 - _ t - b u ty l c y c l o h e x a n o n e .  An e t h e r e a l  s o l u t i o n  o f  27 .4  ml o f
1 .9 0  M m ethy lm agn es iu m  i o d i d e  ( 0 . 0 5 3  m ol)  was added t o  39 m l*  
o f  d i e t h y l  e t h e r  w i t h  s t i r r i n g .  The r e a g e n t  was t h e n  c o o l e d  
w i t h  a n  i c e - s a l t  b a t h  and  s t i r r e d  u n t i l  t h e  i n t e r n a l  t e m p e r a - '  
t u r e  r e a c h e d  0 - 5 ° .  A s o l u t i o n  o f  2 . 0  g ( 0 . 0 1 3  mol) o f  
4 - _ t - b u ty l c y c lo h e x a n o n e  i n  15 ml o f  e t h e r  was added a t  su c h  
a  r a t e  t h a t  t h e  t e m p e r a t u r e  d id  n o t  e x c e e d  5 ° .  A f t e r  t h e  
a d d i t i o n  was c o m p l e t e ,  t h e  s o l u t i o n  was s t i r r e d  f o r  30 min 
more a t  i c e - s a l t  b a t h  t e m p e r a t u r e .  The b a t h  was t h e n  removed 
and  th e  r e a c t i o n  s t i r r e d  a t  a m b ien t  t e m p e r a t u r e  f o r  a n  a d d i ­
t i o n a l  2 .5  h r .
The s o l u t i o n  was co o le d  by  a n  i c e - s a l t  b a th  and 
s lo w ly  h y d r o l y z e d  w i t h  30 ml o f  s a t u r a t e d  sod ium  b i c a r ­
b o n a te  s o l u t i o n  s u c h  t h a t  th e  i n t e r n a l  t e m p e r a t u r e  d i d  
n o t  exceed  5 ° .  The e t h e r  l a y e r  was s e p a r a t e d  and t h e  a q u e o u s  
l a y e r  e x t r a c t e d  t w i c e  w i t h  e t h e r .  The combined  e t h e r  l a y e r s  
were  d r i e d  o v e r  m agnesium  s u l f a t e  and  c o n c e n t r a t e d  a t  room 
t e m p e r a t u r e  on a  r o t a r y  e v a p o r a t o r ,  t o  g i v e  2 . 0  g o f  c ru d e  
p r o d u c t .  A n a l y s i s  was c a r r i e d  o u t  by  g l p c .
*The volume o f  e t h e r  v a r i e d  d e p e n d in g  on  t h e  c o n c e n t r a t i o n  
( 0 . 8  o r  0 . 1  M) o f  G r i g n a r d  r e a g e n t  d e s i r e d .
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P r e p a r a t io n  and A n a ly s i s  o f  "P urified"  Dim ethylcadm ium .
The p r e p a r a tio n  o f  dimethylcadmium was tak en  from the  
9
work o f  Kraus except e x te n s iv e  f r a c t io n a t io n  o f  e th e r  from  
th e  cadmium reagent was n o t perform ed.
A n a ly s is  o f  th e  dimethylcadmium was a ccom p lish ed  by 
t r e a t i n g  a 5 -ml a l i q u o t  o f  th e  reagen t w ith  50 ml o f  0 .58 N 
s u l f u r i c  a c id  and back t i t r a t i n g  w ith  0 .4 0  N sodium  h yd rox id e.  
The end p o in t  was d e term in ed  by use o f  a pH m ete r  and by use . 
o f  M a llin ck ro d t " I n d ic a t o r ” (pH range 6 - 7 ) .  Both methods
y i e l d e d  comparable r e s u l t s .  No b a s ic  cadmium or z in c  s a l t s
p r e c i p i t a t e d  u n t i l  a f t e r  th e  end p o in t  was r e a c h e d ,  and v a lu e s  
o b ta in e d  were r e p r o d u c ib le .  The e th er  s o l u t i o n s  were stored
in  a r e f r i g e r a t o r  in  serum -capped amber b o t t l e s .  To check on 
th e  p o s s i b i l i t y  o f  Cd(0 H) 2  fo rm ation  in  t h e s e  t i t r a t i o n s  and 
i t s  e f f e c t  on th e  t i t r a t i o n  v a l u e s ,  c o n tr o l  e x p e r im en ts  were 
run. Four tim es the  amount o f  cadmium p r e s e n t  in  th e  above 
t i t r a t i o n  was added in  t h e  form o f  CdC^ to  t h e  same amount 
o f  standard  s u l f u r i c  a c id  s o l u t i o n  used in  t h e  t i t r a t i o n s .
T h is  s o l u t i o n  was t h e n  t i t r a t e d  w i t h  s t a n d a r d  b a s e  u n d e r  
t h e  c o n d i t i o n s  d e s c r i b e d  a b o v e .  I t  was fo u n d  t h a t  t h e  
p r e s e n c e  o f  cadmium s a l t  h a d  no e f f e c t  on t h e  t i t r a t i o n  
v a l u e s .
R e a c t io n  o f  " R econ stitu ted "  Dimethylcadmium w i t h  4 - t - B u t y l -  
c y c lo h e x a n o n e .
The f o l lo w in g  p ro ced u re  w i l l  se rv e  t o  i l l u s t r a t e  
th e  r e a c t i o n  o f  " r e c o n s t i t u t e d "  reagent w ith  4 - t - b u t y l -  
c y c lo h ex a n o n e . An e t h e r e a l  s o l u t i o n  o f  8 .9  m l o f  1 .5 3  M 
dimethylcadmium (0 .0 1 3  m ol) was added t o  a s t i r r e d  s o lu t io n  
o f  1 0 .2  ml o f  2 .6 4  M magnesium bromide (0 .0 2 7  mol) and 14 ml 
o f  anhydrous e th e r .  Upon com p lete  a d d i t io n  t h e  m ix tu re  was
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s t i r r e d  f o r  15 mill a t  room t e m p e r a t u r e  and t h e n  15 min 
a t  0° .  One gram o f  4 - t > b u t y l c y c l o h e x a n o n e  i n  5-10 ml o f  
e t h e r  was added  a t  s u c h  a  r a t e  t h a t  t h e  t e m p e r a t u r e  d id  
n o t  exceed  5 ° .  The c o n c e n t r a t i o n  a t  t h e  s t a r t  o f  each  
r e a c t i o n  was 0 .4  M i n  d imethylcadm ium. The m ix tu r e  was 
s t i r r e d  f o r  30 m in  a t  0° and f i n a l l y  a t  room t e m p e r a t u r e  
f o r  2 .5  h r .  The r e a c t i o n  m ix t u r e  was t h e n  c o o le d ,  h y d r o ­
ly z e d ,  and worked  up a s  d e s c r i b e d  a b o v e .
R e c o n s t i t u t i o n  w i th  magnesium i o d i d e  was accom­
p l i s h e d  by a d d i t i o n  o f  t h e  s o l i d  d i e t h e r a t e  t o  an e t h e r e a l  
s o l u t i o n  o f  d im e th y lc ad m iu m .  The r e s u l t a n t  m ix tu r e  was 
s t i r r e d  a t  room t e m p e r a t u r e  u n t i l  a l l  t h e  s a l t  had d i s ­
so lv e d  ( c a .  20 m i n ) .
R e a c t io n  o f  4 - j : -B u ty lcyc lohexanone«M gX g w i t h  " P u r i f i e d ” 
Dimethylcadmium.
The f o l l o w i n g  p ro c e d u re  w i l l  s e r v e  t o  i l l u s t r a t e  
t h e  r e a c t i o n  o f  s a l t - f r e e  d im ethy lcadm ium  w i t h  p r i o r  c o o r ­
d i n a t e d  4 - t - b u t y l c y c l o h e x a n o n e .  A s o l u t i o n  o f  1 .0  g o f  
k e to n e  ( 0 .0 0 6 5  m ol)  i n  20 ml o f  a n h y d ro u s  e t h e r  and 1 0 .2  
ml o f  2 .6  M m agnesium  bromide (0 .0 2 6  m ol)  was s t i r r e d  f o r  
15 min a t  room t e m p e r a t u r e .  The m i x t u r e  was co o le d  t o  0° 
and 8 .9  ml o f  1 . 5 3  M dimethylcadmium a d d e d  a s  r a p i d l y  a s  
p o s s i b l e  be low  5 ° .  A d d i t i o n  t im e  n o r m a l l y  was 15-30 s e c .  
The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  0° f o r  30 min and t h e n  
a t  room t e m p e r a t u r e  f o r  2 .5  h r .  H y d r o l y s i s  and work-up 
were t h e  same a s  p r e v i o u s l y  d e s c r i b e d .  As i n  th e  e a r l i e r  
r e a c t i o n s ,  t h e  c o n c e n t r a t i o n  o f  d im e th y lcadm iu m  was 0 . 4  M.
I n  c a s e s  w h e re  - iod ide  s a l t s  w e r e  u s e d ,  th e  s o l i d  
Mglg.^EtgO was d i s s o l v e d  i n  t h e  a p p r o p r i a t e  e t h e r e a l
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s o l u t i o n  o f  4 - _ t - b u ty l c y c lo h e x a n o n e  i m m e d ia te ly  p r i o r  t o  
a d d i t i o n  o f  t h e  o r g a n o m e t a l l i c  r e a g e n t .
R e a c t i o n  o f  i n  s i t u  Dimethylcadmium w i t h  4 - t - B u t y l c y c l ohexanone 
i n  E t h e r .
The f o l l o w i n g  w i l l  s e r v e  t o  i l l u s t r a t e  t h e  r e a c t i o n  
o f  t h e  i n  s i t u  d imethylcadmium r e a g e n t s  w i t h  4 - t - b u t y l c y c l o ­
h e x an o n e .  An e t h e r e a l  s o l u t i o n  o f  2 4 .2  ml o f  2 .2  M m e t h y l ­
magnesium i o d i d e  (0 .0 5 3  mol) was t r a n s f e r r e d  t o  a  s t i r r e d  
m ix t u r e  o f  9 . 7 5  g o f  Cdl^ (0 .0 2 7  mol) i n  4 2 .0  ml o f  a n h y ­
d ro u s  e t h e r ,  w h ich  was c o o le d  i n  an  i c e  b a t h .  The a d d i t i o n  
was c a r r i e d  o u t  su c h  t h a t  no e b u l l i t i o n  o c c u r r e d .  The b a t h  
was t h e n  rem oved  and th e  s o l u t i o n  s t i r r e d  f o r  15-30 m in  
b e f o r e  a  G i lm an  t e s t  was p e r f o r m e d .  I n  a l l  c a s e s  t h e  
t e s t  was n e g a t i v e  b e f o r e  t h e  r e a c t i o n  was a l l o w e d  t o  
p r o c e e d .
The r e a g e n t  was t h e n  c o o le d  i n  a n  i c e  b a t h ;  a n d ,  
when t h e  i n t e r n a l  t e m p e r a t u r e  r e a c h e d  0 - 5 ° ,  2 g o f  4 - j t -  
b u t y l c y c l o h e x a n o n e  (0 .013  mol) d i s s o l v e d  i n  10 ml o f  
a nhydrous  e t h e r  was added and t h e  i n t e r n a l  t e m p e r a t u r e  
k e p t  b e low  5 ° .  A f t e r  t h e  a d d i t i o n  was com p le te ,  t h e  s o l u ­
t i o n  was s t i r r e d  f o r  30 min a t  i c e - b a t h  t e m p e r a t u r e .  The 
b a t h  was t h e n  removed and t h e  s o l u t i o n  s t i r r e d  f o r  a n  
a d d i t i o n a l  150 m in .
The s o l u t i o n  was c o o le d  and h y d r o l y z e d  w i t h  30 ml 
o f  s a t u r a t e d  NaHCO^ s o l u t i o n ,  such  t h a t  t h e  i n t e r n a l  
t e m p e r a t u r e  d i d  n o t  exceed 5 ° .  The e t h e r  l a y e r  was 
s e p a r a t e d  a n d  t h e  aqueous l a y e r  e x t r a c t e d  t w i c e  w i t h  
e t h e r .  The combined  e t h e r  l a y e r  was t h e n  d r i e d  o v e r  
MgSO, and c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a t o r  a t  a
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t e m p e r a t u r e  o f  25° o r  b e lo w .  A d d i t i o n  o f  75-100 ml o f  
c y c lo h e x a n e  c au se d  p r e c i p i t a t i o n  o f  cadmium s a l t s  w hich  
were  removed by g r a v i t y  f i l t r a t i o n  and washed w i t h  more 
c y c l o h e x a n e .  C o n c e n t r a t i o n  o f  t h e  combined f i l t r a t e s  on a 
r o t a r y  e v a p o r a t o r  a t  25° o r  be low  y i e l d e d  2 . 2  g o f  c ru d e  
p r o d u c t .
R e a c t i o n  o f  i n  s i t u  Dimethylcadmium ( B r , I )  w i t h  4 - 1:-Butyl  - 
c y c lo h e x a n o n e  i n  THF.
The p r o c e d u r e  was s i m i l a r  t o  t h a t  i n  e t h e r .  I n  
t h i s  c a s e  3 5 .9  ml o f  1 .4 8  M m ethylmagnes ium  b rom ide  
( 0 .0 5 3  mol)  i n  THF was t r a n s f e r r e d  t o  a  s t i r r e d  s o l u t i o n  
o f  9 .7 5  g o f  C d l0 (0 .027  m ol)  i n  31 ml o f  a n h y d ro u s  THF, 
which  was c o o le d  i n  an  i c e  b a t h .  The b a t h  was t h e n  removed 
and t h e  s o l u t i o n  s t i r r e d  f o r  30 min ,  a t  w h ic h  t im e  a Gilman 
t e s t  was n e g a t i v e .
The r e a g e n t  was t h e n  c o o le d  i n  a n  i c e  b a t h ;  an d ,  
when t h e  i n t e r n a l  t e m p e r a t u r e  r e a c h e d  0 - 5 ° ,  2 g o f  4 - j t -  
b u t y l c y c l o h e x a n o n e  ( 0 .0 1 3  mol)  d i s s o l v e d  i n  10 ml o f  
a n h y d ro u s  THF was added a t  su c h  a  r a t e  t h a t  t h e  i n t e r n a l  
t e m p e r a t u r e  d i d  n o t  ex ce ed  5 ° .  A f t e r  t h e  a d d i t i o n  was 
c o m p l e t e ,  t h e  s o l u t i o n  was s t i r r e d  f o r  30 min a t  t h e  i c e  
b a t h  t e m p e r a t u r e .  The b a t h  was t h e n  removed and t h e  
s o l u t i o n  s t i r r e d  f o r  an  a d d i t i o n a l  150 m in .
The s o l u t i o n  was t h e n  c o o le d  and h y d r o l y z e d  w i t h  
30 ml o f  s a t u r a t e d  NaHCO^ s o l u t i o n  such  t h a t  t h e  i n t e r n a l  
t e m p e r a t u r e  d id  n o t  ex ce ed  5 ° .  The l a y e r s  were  s e p a r a t e d  
and t h e  a q u eou s  l a y e r  e x t r a c t e d  t h r e e  t im e s  w i t h  e t h e r .
The e t h e r  and  THF l a y e r s  w e re  combined and  d r i e d  o v e r  
MgSO^. A f t e r  removal  o f  t h e  d r y i n g  a g e n t  by  f i l t r a t i o n ,
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the  s o l u t i o n  was c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a t o r  a t  
25° o r  b e low .  Upon a d d i t i o n  o f  75 ml o f  b e n z e n e ,  two 
l i q u i d  p h a s e s  a p p e a r e d .  A d d i t i o n  o f  100 ml more o f  benzene  
caused  f o r m a t i o n  o f  one l i q u i d  p h a se  and p r e c i p i t a t i o n  o f  
cadmium s a l t s .  The s a l t s  were  removed by f i l t r a t i o n  and 
washed w i t h  more b e n z e n e .  The b e n ze n e  s o l u t i o n  was c o n c e n ­
t r a t e d  on t h e  r o t a r y  e v a p o r a t o r  u n d e r  t h e  same c o n d i t i o n s .  
F i n a l  w e ig h t  o f  c r u d e  p r o d u c t  was 2 . 1  g .  Glpc a n a l y s i s  
i n d i c a t e d  t h a t  t r a c e s  o f  s a l t s  were  l e f t ,  a s  e v id e n c e d  by 
o b s e r v a t i o n  o f  3.5% o l e f i n  on t h e  ch rom atog ram .  *
GLPC A n a l y s i s  o f  t h e  R e a c t i o n  M i x t u r e s  from _in s i t u  
Dimethylcadmium and  4 - t - B u t y l c y c l o h e x a n o n e .
P r e v i o u s  w ork  d e m o n s t r a t e d  t h a t  t h e  a x i a l  and 
e q u a t o r i a l  a l c o h o l s  c o u ld  be s e p a r a t e d  on a 1 0 1 x  1 /4"  
column pack ed  w i t h  20% SAIB on Chromosorb W ( 6 0 - 8 0  m esh ) .  
The r e s p o n s e  r a t i o s  o f  t h e  two a l c o h o l s  a r e  known t o  be
C O q
t h e  same. The p r o d u c t  m i x t u r e  f rom  r e a c t i o n  o f  4 - t . -
b u t y l c y c l o h e x a n o n e  w i t h  m ethylm agnes ium  b ro m id e  ( 0 . 8  M)
was a n a l y z e d ,  and  t h e  v a l u e s  o b t a i n e d  compared f a v o r a b l y
57w i th  t h o s e  r e p o r t e d .  C o n f i g u r a t i o n a l  a s s i g n m e n t s  were  
made on t h i s  b a s i s .  I t  was fou n d  t h a t  i f  t h e  k e t o n e  was 
p r e s e n t  i n  a n  a p p r e c i a b l e  amount ,  t h i s  column c o u l d  n o t  
be u s e d .  A n a l y s i s  on a 1 0 ’ x  1 /4 "  10% FFAP column a t  190° 
and a f lo w  o f  75 m l /m in  c o u ld  be  u se d  i n  t h e s e  c a s e s ,  and 
th e  o r d e r  o f  e l u t i o n  was t h e  same a s  on SAIB. A l l  v a l u e s  
r e p o r t e d  w ere  d e t e r m i n e d  on t h e  FFAP column.
Glpc a n a l y s i s  o f  t h e  c ru d e  r e a c t i o n  m i x t u r e s  
i n d i c a t e d  t h a t  i n  some i n s t a n c e s  a  c o n s i d e r a b l e  amount 
o f  z i n c  and cadmium s a l t s  was c a r r i e d  t h r o u g h  t h e  work-up 
p r o c e d u r e ,  a s  e v id e n c e d  by t h e  p r e s e n c e  o f  v a r i a b l e  
amounts o f  l - m e t h y l - 4 - t . - b u t y l c y c l o h e x e n e  i n  a d d i t i o n
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t o  t h e  d e s i r e d  a l c o h o l s .  The % o l e f i n  i n c r e a s e d  d r a s t i c a l l y  
u n l e s s  t h e  i n j e c t o r  p o r t  o f  th e  c h r o m a to g r a p h  was c l e a n e d  
r e g u l a r l y .  I n f r a r e d  and  nmr s p e c t r a  g a v e  no e v id e n c e  o f  
o l e f i n  i n  t h e  s a m p le s  p r i o r  to  i n j e c t i o n .  Some of t h e  
e x c e s s  s a l t s  c o u ld  b e  removed by d i s s o l v i n g  t h e  sample 
i n  c y c lo h ex a n e  o r  b e n z e n e  and f i l t e r i n g  t h e  m i x t u r e .
l - M e t h y l - 4 - _ t - b u t y l c y c l o h e x e n e  was c o l l e c t e d  by
p r e p a r a t i v e  g l p c .  The e t h e r  s o l u t i o n s  o f  z i n c  s a l t s
were i n j e c t e d  i n t o  t h e  ch rom a to g ra p h  and  t h e  i n j e c t o r  p o r t
c o a te d  w i t h  s a l t .  S u b s e q u e n t  i n j e c t i o n  o f  t h e  m ix t u r e  o f
a l c o h o l s  o b t a i n e d  f r o m  r e a c t i o n  o f  m ethy lm agnes ium  i o d i d e
w i t h  k e to n e  p ro d u c e d  m a i n l y  l - m e t h y l - 4 - _ t - b u t y l c y c l o h e x e n e .
I t s  nmr s p e c t r u m  (CC1,)  was e s s e n t i a l l y  t h e  same as t h a t
58br e c e n t l y  r e p o r t e d  b y  A l l i n g e r .  I t s  i n f r a r e d  sp ec t rum
59was a l s o  c o n s i s t e n t  w i t h  th e  a s s i g n e d  s t r u c t u r e .
By v a r y i n g  t h e  amount o f  s a l t  on  t h e  i n j e c t o r  p o r t ,  
t h e  c o u r s e  o f  t h e  d e h y d r a t i o n  c o u ld  be  f o l l o w e d .  No change 
i n  th e  ( Z ) / ( E )  r a t i o  was d e t e c t e d  u n t i l  t h e  amount o f  o l e f i n  
exceeded  10%. Above 10% s m a l l  d i f f e r e n c e s  w ere  n o ted  and 
t h e  v a l u e s  i n d i c a t e d  t h a t  th e  ( E ) - a l c o h o l  ( e q u a t o r i a l  OH) 
was b e in g  d e h y d r a t e d  a t  a  f a s t e r  r a t e  t h a n  t h e  ( Z ) - a l c o h o l .  
C o n t ro l  E x p e r i m e n t s .
1 .  The i s o l a t e d  p r o d u c t  o b t a i n e d  f rom  t h e  r e a c t i o n  o f  
methylmagnes ium b ro m id e  ( 0 . 1  M) w i t h  4 - _ t - b u t y l c y c l o -  
hexanone  ( T a b le  4) was d i s s o l v e d  i n  10 m l  o f  e t h e r  and 
added t o  d im e th y lcad m iu m  r e a g e n t  u n d e r  t h e  c o n d i t i o n s  
p r e v i o u s l y  d e s c r i b e d  f o r  t h e  r e a c t i o n  o f  _in s i t u  r e a g e n t s  
w i t h  k e t o n e .  A f t e r  h y d r o l y s i s  and w o r k - u p ,  p e r c e n t a g e s  
o b t a i n e d  by  g l p c  w e r e  unchanged w i t h i n  e x p e r i m e n t a l  e r r o r  
(± 1%).
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2.  The p r e c i p i t a t e d  cadmium s a l t s ,  w h ich  o c c u r r e d  when 
cy c lo h ex a n e  was a d d e d ,  were  r e d i s s o l v e d  i n  e t h e r  and t h e  
sam ple  i n j e c t e d  i n t o  t h e  ch ro m a to g ra p h .  No t r a c e  of  
o l e f i n  o r  a l c o h o l i c  p r o d u c t s  was o b s e r v e d .
R e a c t io n  o f  i n  s i t u  D i -n -p ro p y lcadm iu m  w i t h  4 - t - B u t y l c y c l o -  
hexanone  i n  E t h e r .
The f o l l o w i n g  e x p e r i m e n t a l  p r o c e d u r e  w i l l  s e r v e  t o  
i l l u s t r a t e  t h e  r e a c t i o n  o f  i n  s i t u  d i - n - p ro p y lc a d m iu m  
r e a g e n t s  w i t h  4 - t _ - b u ty l c y c l o h e x a n o n e .  An e t h e r e a l  s o l u t i o n  
o f  11 .5  ml o f  2 . 3 2  M n -p ropy lm agnes ium  b ro m id e  (26 .6  mmol) 
was added t o  a  s t i r r e d  m ix t u r e  o f  4 .8 7  g o f  C d ^  (1 3 .3  mmol) 
and 22 ml o f  a n h y d r o u s  e t h e r ,  which  was c o o l e d  i n  an i c e  b a t h .  
T h is  a d d i t i o n  was c a r r i e d  o u t  such  t h a t  no  e b u l l i t i o n  o c c u r r e d .  
The i c e  b a t h  was rem o v ed ,  and t h e  Gilman t e s t  was n e g a t i v e  
a f t e r  15 m in .
The d i - n - p r o p y l c a d m i u m  r e a g e n t  was t h e n  coo le d  i n  an  
i c e  b a th ;  a n d ,  when t h e  i n t e r n a l  t e m p e r a t u r e  re a c h e d  0 - 5 ° ,
1 g o f  4 - t - b u t y l c y c l o h e x a n o n e  (65 mmol) d i s s o l v e d  in  10 mi 
o f  anhydrous  e t h e r  was added  such  t h a t  t h e  i n t e r n a l  t e m p e r a ­
t u r e  d id  n o t  e x c e e d  5° ( a d d i t i o n  t im e  a p p r o x i m a t e l y  5 min) . 
A f t e r  t h e  a d d i t i o n  was c o m p le te ,  t h e  m i x t u r e  was s t i r r e d  
f o r  15 min a t  t h e  i c e  b a t h  t e m p e r a t u r e ,  a n d  t h e n  f o r  105 min 
a t  am bien t  t e m p e r a t u r e .
The s o l u t i o n  was co o le d  i n  an i c e - b a t h  t o  an i n t e r n a l  
t e m p e r a t u r e  o f  0° a n d  h y d r o l y z e d  w i t h  30 ml o f  s a t u r a t e d  
NaHCO^ s o l u t i o n  s u c h  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  d i d  n o t  
ex ceed  10° .  The b a t h  was th e n  removed a n d  t h e  m ix tu r e  
s t i r r e d  f o r  an  a d d i t i o n a l  5 min.  A f t e r  w o rk -u p  and rem ova l  
o f  cadmium s a l t s ,  t h e  c r u d e  p r o d u c t  w e ig h ed  1 . 0  g.
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R e a c t i o n  o f  n -Propy lm agnes ium  I o d i d e  w i t h  4 - t - B u t y l c y c l o -  
hexanone  i n  E t h e r .
The f o l l o w i n g  e x p e r i m e n t a l  p r o c e d u r e  w i l l  s e r v e  
t o  i l l u s t r a t e  t h e  r e a c t i o n  o f  n - p r o p y l  G r ig n a r d  r e a g e n t s  
w i t h  4 - t _ - b u t y l c y c l o h e x a n o n e . An e t h e r e a l  s o l u t i o n  o f  
1 3 .3  ml o f  2 . 0  M methylmagnesium i o d i d e  ( 2 6 . 6  mmol) was 
added  w i t h  s t i r r i n g  to  21 ml o f  a n h y d ro u s  e t h e r ,  which  
was c o o le d  i n  a n  i c e  b a t h .  The b a t h  was removed and  t h e  
s o l u t i o n  s t i r r e d  f o r  15 m in .
The G r i g n a r d  r e a g e n t  was t h e n  c o o le d  i n  a n  i c e  b a t h  
t o  a n  i n t e r n a l  t e m p e r a t u r e  o f  0 - 5 ° ,  and  a s o l u t i o n  o f  1 g o f  
4 - t_ - b u ty l c y c lo h e x a n o n e  i n  10 ml o f  a n h y d ro u s  e t h e r  ad d ed  a t  
such  a  r a t e  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  d id  n o t  e x c e e d  5° 
( a p p r o x i m a t e l y  5 m in ) .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  
t h e  m i x t u r e  was s t i r r e d  f o r  15 min a t  t h e  i c e  b a t h  t e m p e r a ­
t u r e ,  and t h e n  f o r  105 min  a t  a m b ie n t  t e m p e r a t u r e .
The s o l u t i o n  was t h e n  c o o le d  i n  a n  i c e  b a t h  t o  an  
i n t e r n a l  t e m p e r a t u r e  of  0° and h y d r o l y z e d  w i t h  30 ml o f  
s a t u r a t e d  NaHCO^ s o l u t i o n  su ch  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  
d i d  n o t  e x c e e d  1 0 ° .  The b a t h  was t h e n  removed and t h e  
m i x t u r e  s t i r r e d  f o r  an a d d i t i o n a l  5 m in .  The c ru d e  p r o d u c t  
a f t e r  w ork -up  weighed 1 .0  g .
60Trim e t h y l a m i n e  Borane R e d u c t io n  o f  4 - t - B u t y l c y c l o h e x a n o n e .
To a  s t i r r e d  s o l u t i o n  o f  100 ml o f  dry  d ig ly m e ,
10 g o f  4 - j t - b u t y l c y c l o h e x a n o n e  (65 mmol),  and 1 .6  g o f  
t r i m e t h y l a m i n e  b o ran e  (22 mmol), w h ic h  was c o o le d  i n  a n  
i c e  b a t h ,  was s l o w l y  added 6 .5  ml o f  b o r o n  t r i f l u o r i d e  
e t h e r a t e  (65  mmol).  A f t e r  t h e  a d d i t i o n  was c o m p le t e ,  t h e  
b a t h  was removed and th e  m i x t u r e  s t i r r e d  f o r  12 h r .  The 
m ix t u r e  was t h e n  poured i n t o  150 ml o f  10% NaHCO^ s o l u t i o n
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and e x t r a c t e d  w i t h  p e n t a n e .  A f t e r  work-up  t h e r e  was o b t a i n e d  
10 .1  g o f  c r u d e  p r o d u c t  which was shown by g l p c  t o  c o n t a i n  
2% 4 - t > b u t y l c y c l o h e x a n o n e  and a b o u t  e q u a l  amounts o f  t h e  
i s o m e r i c  r e d u c t i o n  a l c o h o l s .
S e p a r a t i o n  o f  c i s  ( a x i a l ) -  and t r a n s - ( e q u a t o r i a l ) - 4 - t -  
B u t y l c y c l o h e x a n o l s .
A 4 - f t  g l a s s  column o f  1 - i n  d i a m e t e r  was p a c k e d  w i t h  
250 g o f  n e u t r a l  a lu m in a  (Brockmann A c t i v i t y  no .  1) w i t h  
p e n ta n e  a s  s o l v e n t .  Then 8 g o f  t h e  4 - j : - b u t y l c y c l o h e x a n o l  
m ix t u r e  f rom  t h e  (CH^^N-BH^ r e d u c t i o n ,  d i s s o l v e d  i n  a  
minimum amount o f  p e n t a n e ,  was d e p o s i t e d  on t h e  co lu m n .
F r a c t i o n s  o f  125 ml each  were c o l l e c t e d ,  c o n c e n t r a t e d ,  and 
a n a ly z e d  by g l p c .
The co lum n was e l u t e d  w i t h  6 1.  of  p e n t a n e  and  no 
a l c o h o l s  w ere  o b t a i n e d .  I n s t e a d  t h e r e  was o b t a i n e d  a 
l i q u i d  whose r e t e n t i o n  t im e was t h e  same as t h a t  o f  t h e  
o l e f i n  found i n  some o f  t h e  a n a l y s e s  where cadmium s a l t s  
were p r e s e n t .  The m a t e r i a l  was c o l l e c t e d  by p r e p a r a t i v e  
g lp c  and shown n o t  t o  be  t h e  d e h y d r a t i o n  p r o d u c t ;  nmr 
(no .  5852, CC14 ) S 1 .1 5  ( t ) ,  3 .4 5  ( m ) , 3 .5  ( s ) .  I d e n t i f i ­
c a t i o n  was n o t  a t t e m p t e d .
Next  1 1 .  o f  1% e t h e r - p e n t a n e ,  2 1. o f  5% e t h e r - p e n t a n e ,  
and 2 1 .  o f  10%> e t h e r - p e n t a n e  w ere  u s e d  s u c c e s s i v e l y .  The 
a l c o h o l s  w e re  e l u t e d  w i t h  t h e  l a s t  s o l v e n t  i n  t h e  f o l l o w i n g  
o r d e r :  a x i a l  a l c o h o l  (4 g, 98% p u r i t y ) ,  e q u a t o r i a l  a l c o h o l
(4 g, 99% p u r i t y )  .
GLPC A n a l y s i s  o f  t h e  R e a c t io n  M i x t u r e  from D i - n - p r o p y lc a d m iu m  
and 4 - t - B u t y l c y c l o h e x a n o n e .
A n a l y s i s  was co n d u c ted  on a  10% FFAP o r  10% STAP 
(10* x 1 / 4 " )  co lum n s u p p o r t e d  on Chromosorb W (6 0 -8 0  mesh) 
a t  a t e m p e r a t u r e  o f  130° o r  1 4 0 ° ,  r e s p e c t i v e l y ,  and a  f lo w  
r a t e  o f  100 m l / m i n .  Under t h e s e  c o n d i t i o n s  t h e  r e d u c t i o n
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and  a d d i t i o n  p r o d u c t s  were  n i c e l y  s e p a r a t e d .  R e t e n t i o n  
t im e s  ( s e e  T ab le  2) o f  t h e  r e d u c t i o n  a l c o h o l s  were  com­
p a r e d  w i t h  t h o s e  o f  a com m erc ia l  sam ple  and one p r e p a r e d  by
LiAlH, r e d u c t i o n  o f  4 - t - b u t y l c y c l o h e x a n o n e .  The c o n f i g u r a -
62t i o n a l  a s s i g n m e n t s  were  b a s e d  upon p r e v i o u s  work  i n  which
i t  had  b e e n  shown t h a t  t h e  e q u a t o r i a l  a l c o h o l  p r e d o m i n a t e d
s u b s t a n t i a l l y .  The c o n f i g u r a t i o n a l  a s s i g n m e n t  o f  t h e
18a d d i t i o n  p r o d u c t s  was a l s o  b a s e d  upon p r e v i o u s  work
where  t h e  a x i a l  a l c o h o l  was t h e  p r e d o m in a n t  i s o m e r  i n
t h e  r e a c t i o n  o f  p r o p y l  G r i g n a r d  r e a g e n t s  w i th  4 - t_ -b u . ty l -
c y c l o h e x a n o n e .
I n  o r d e r  t o  i d e n t i f y  d e h y d r a t i o n  p r o d u c t s  f ro m  th e
2° ( r e d u c t i o n )  and 3° ( a d d i t i o n )  a l c o h o l s ,  d e h y d r a t i o n
e x p e r i m e n t s  were p e r f o r m e d .  A c o m m erc ia l  sam ple  o f  t h e
2° 4 - t _ - b u t y l c y c l o h e x a n o l s  was d e h y d r a t e d  by t h e  a c t i o n  o f
p h o s p h o r i c  a c i d  and t h e  p r o d u c t s  d i s t i l l e d  a t  a t m o s p h e r i c
p r e s s u r e .  The c l e a r  l i q u i d  o b t a i n e d  was s p e c t r a l l y  s i m i l a r
58t o  l - m e t h y l - 4 - J > b u t y l c y c l o h e x e n e  r e p o r t e d  p r e v i o u s l y :  
i r  ( n o .  4944 ,  n e a t )  3025, 698 ,  650 cm ^ (C=C); nmr ( n o .
5867,  CCl^) <? 0 .8 5  ( t ,  t _ - b u t y l ) , 1 .2 0  (m ) , 1 .6 0  ( s ,  b r o a d ) ,
5 .6 0  ( s ,  b r o a d ) ,  1 .9 1  ( s ,  b r o a d ) ,  1 .0 1  ( s ) ,  5 .4 0  ( s ,  b r o a d ) .
Glpc a n a l y s i s  on FFAP and STAP showed t h e  m a jo r  component  
t o  ha ve  a  s l i g h t l y  l o n g e r  r e t e n t i o n  t im e  t h a n  t h a t  o f  
b e n z e n e .  Two m in o r  i m p u r i t i e s  were  a l s o  p r e s e n t .
To compare t h e s e  r e s u l t s  t o  t h o s e  o f  d e h y d r a t i o n  
on t h e  co lum n,  a co m m erc ia l  m i x t u r e  o f  4 - _ t - b u t y l c y c l o h e x a n o l  , 
i n  e t h e r  was mixed w i t h  e t h e r e a l  Z n l^ .  T h is  sam ple  was i n j e c t e d  
u n d e r  t h e  same c h r o m a to g r a p h ic  c o n d i t i o n s  n o r m a l l y  u s e d  f o r  
a n a l y s i s .  The amount o f  d e h y d r a t i o n  c o u ld  be  i n c r e a s e d  by 
a d d i t i o n  o f  more Zn l^  t o  t h e  s a m p le .  M a t e r i a l  a p p e a r e d  
whose r e t e n t i o n  t im e  was t h e  same a s  t h a t  found  f o r  t h e  
o l e f i n  p ro d u c e d  by  p h o s p h o r i c  a c i d  d e h y d r a t i o n .  The same
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i m p u r i t i e s  a p p e a re d  i n  a p p r o x i m a t e l y  t h e  same p r o p o r t i o n s ,  
im p ly in g  t h a t  some r e a r r a n g e m e n t  may have  o c c u r r e d .
To d e te r m in e  where  t h e  p r o d u c t  f rom  d e h y d r a t i o n  o f  
t h e  3° a l c o h o l s  o c c u r r e d  on t h e  ch rom atogram , t h e  c rud e  
p r o d u c t  f ro m  a d i - n - p r o p y lc a d m iu m  r e a c t i o n  w i t h o u t  t r e a t ­
ment w i t h  b e n zen e  was i n j e c t e d  u n d e r  t h e  same c o n d i t i o n s .
A m a jo r  p e a k  a p p e a re d  w i t h  a  l o n g e r  r e t e n t i o n  t im e  ( s e e  
T ab le  2) t h a n  t h a t  o f  t h e  d e h y d r a t i o n  p r o d u c t  f rom  th e  2° 
r e d u c t i o n  a l c o h o l s .  A f t e r  t h e  c r u d e  p r o d u c t  was t r e a t e d  
w i t h  b e n z e n e  a s  p r e v i o u s l y  d e s c r i b e d ,  t h i s  p e a k  d i s a p p e a r e d  
o r  was s u b s t a n t i a l l y  r e d u c e d .
A t t e m p te d  E q u i l i b r a t i o n  o f  c i s - ( a x i a l ) - 4 - t - B u t y l c y c l o h e x a n o l .
A m i x t u r e  o f  0 . 6  g o f  4 - j t - b u t y l c y c l o h e x a n o n e  and 
0 .4  g o f  4 - _ t - b u t y l c y c l o h e x a n o l  (98% a x i a l )  was d i s s o l v e d  
i n  10 ml o f  an hy d ro u s  e t h e r  and added t o  i n  s i t u  d i - n - p r o p y l c a d ­
mium ( B r , I )  u n d e r  t h e  same r e a c t i o n  c o n d i t i o n s  a s  p r e v i o u s l y  
d e s c r i b e d  f o r  t h e  r e a c t i o n  o f  d i - n - p r o p y l c a d m i u m  ( B r , I )  w i t h  
4 - t > b u t y l c y c i o h e x a n o n e . A l i q u o t s  were t a k e n  a t  3 ,  8, 12, 
and 23 h r  an d  h y d r o l y z e d  a s  p r e v i o u s l y  d e s c r i b e d .  Glpc 
a n a l y s i s  o f  t h e  p r o d u c t  a f t e r  23 h r  w i l l  be  u s e d  t o  
d e m o n s t r a t e  t h e  method o f  a n a l y z i n g  t h e  d a t a  o b t a i n e d .
Ketone  % R e d u c t io n  ( e q u a t o r i a l  OH) % Add 
( a x i a l  OH)
S t a r t i n g  m i x t u r e :  59.7% 40.3%, (39°2%) (1.1%) 0%
2 3 - h r  p r o d u c t :  7.4% 41.9% (36.8%) (5.1%) 50.7%,
% R e a c t i o n  = 52.3%,
R a t i o  o f  Add/Red = 1 0 . 0  ( P r e v i o u s l y  d e te r m in e d  from t h e
r e a c t i o n  o f  i n  s i t u  d i - n - p r o p y l -
cadmium ( B r , I )  w i t h  4 - t - b u t y l ­
c y c lo h e x a n o n e )
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E x p e c te d  % Red = 5.07% (50.7%/%Red -  1 0 .0 )
( S t e r e o c h e m i s t r y  o f  t h e  r e d u c t i o n  
p r o d u c t  p r e v i o u s l y  d e te r m in e d  i n  
t h e  r e a c t i o n  o f  d i - n -p ro p y lc a d m iu m  
w i t h  4 - _ t - b u ty l c y c l o h e x a n o n e :  72%
e q u a t o r i a l  and  28% a x i a l )
E x p e c te d  New a x i a l
R e d u c t io n  P r o d u c t : 28% o f  5 .0 7  = 1.42%
E x p e c te d  New e q u a t o r i a l
R e d u c t io n  P r o d u c t : 72% o f  5 .0 7  = 3.65%
T o ta l  e q u a t o r i a l  R e d u c t io n  P r o d u c t  E x p e c t e d :
3 .65%(new) + l . l % ( i n i t i a l )  = 4.75% ( o b s e r v e d  5.1%)
T o ta l  a x i a l  R e d u c t io n  P r o d u c t  E x p e c t e d :
1 .42%(new) + 3 9 . 2 % ( i n i t i a l )  = 40.6%
n o r m a l i z e d  % a x i a l  R e d u c t io n  P r o d u c t  E x p e c t e d : 90.1%
O b se rv ed :  87.5%
The e x p e r i m e n t a l  e r r o r  i n  a l l  t h e  p e r c e n t a g e s  u s e d  
i n  t h e s e  c a l c u l a t i o n s  i s  i  XL. A n o t h e r  i n d i c a t i o n  t h a t  
e q u i l i b r a t i o n  d i d  n o t  o c c u r  was t h e  o b s e r v a t i o n  t h a t  t h e  
n o r m a l iz e d  % a x i a l  r e d u c t i o n  p r o d u c t  v a r i e d  f rom  89.870 t o  
87.5% from  t h e  3 - h r  a l i q u o t  t o  t h e  2 3 - h r  a l i q u o t .  A se co n d  
e q u i l i b r a t i o n  e x p e r i m e n t  a f f o r d e d  s i m i l a r  r e s u l t s .  Data  
from th e  g l p c  a n a l y s i s  showed t h a t  t h e  s t e r e o c h e m i s t r y  o f  
th e  a d d i t i o n  p r o d u c t s  was t h e  same i n  e v e r y  a l i q u o t  and 
e q u a l  t o  t h a t  o b t a i n e d  i n  t h e  o r i g i n a l  r e a c t i o n  o f  i n  s i t u  
d i -n -p ro p y lc a d m iu m  ( B r , I )  w i t h  4 - _ t - b u ty l c y c l b h e x a n o n e .
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A tte m p te d  E q u i l i b r a t i o n  o f  t r a n s  -  ( e q u a t o r i a l )  - 4 - t - B u t y i c y c l o -  
h e x a n o l .
A m i x t u r e  of  0 .8  g o f  4 - t . - b u t y l c y c l o h e x a n o l  (88.1% 
e q u a t o r i a l )  and  0 .2  g o f  4 - t - b u t y l c y c l o h e x a n o n e  was d i s s o l v e d  
i n  10 ml o f  an h y d ro u s  e t h e r  and  a d d ed  t o  in  s i t u  d i - n - p r o p y l ­
cadmium ( B r , I )  u n d e r  t h e  same r e a c t i o n  c o n d i t i o n s  a s  d e s c r i b e d  
a b o v e .  A l i q u o t s  were t a k e n  a t  3 and  13 .75  h r .  Glpc a n a l y s i s  
o f  t h e  p r o d u c t  a f t e r  3 h r  and 1 3 .7 5  h r  i n d i c a t e d  t h a t  no 
e q u i l i b r a t i o n  had  o c c u r r e d .  A n a l y s i s  o f  th e  g l p c  d a t a  was 
e x a c t l y  t h e  same as  t h a t  d e s c r i b e d  a b o v e .  The n o r m a l i z e d  % 
e q u a t o r i a l  r e d u c t i o n  p r o d u c t  e x p e c t e d  a f t e r  13 .75  h r  was 
d e te r m in e d  t o  be  87.9%. The v a l u e  o b se rv ed  was 88.3%. and 
i n d i c a t e d  t h a t  no e q u i l i b r a t i o n  h a d  o c c u r r e d .  A ga in  t h e  
s t e r e o c h e m i s t r y  o f  th e  a d d i t i o n  p r o d u c t s  was t h e  same a s  
t h a t  o b s e r v e d  w i t h o u t  t h e  p r e s e n c e  o f  t h e  added 2° a l c o h o l s ,  
and t h e  e x p e r i m e n t a l  e r r o r  was Z 2%.
Re a c t i o n  o f  i n  s i t u  Dimethylcadmium w i t h  2 - P h e n y l p r o p a n a l .
A s o l u t i o n  of  15 ml o f  2 . 0  M MeMgl (30 mmol) was 
added  v i a  a  20-m l  s y r i n g e  t o  a s t i r r e d ,  co ld  m i x t u r e  o f  
2 .7 4  g o f  CdCl2 (14 .9  mmol) and  22 ml o f  anhydrous  e t h e r .
T h is  a d d i t i o n  was c a r r i e d  o u t  s u c h  t h a t  no e b u l l i t i o n  
o c c u r r e d .  The s o l u t i o n  was t h e n  s t i r r e d  a t  room t e m p e r a ­
t u r e  f o r  2 0 - 3 0  min b e f o r e  t h e  G i lm an  t e s t  was p e r f o r m e d .
I n  a l l  c a s e s  t h e  t e s t  was n e g a t i v e  b e f o r e  th e  r e a c t i o n  
was a l l o w e d  t o  p ro ceed  t o  t h e  n e x t  s t e p .
The d imethylcadmium r e a g e n t  was then  c o o le d  i n  an 
i c e - s a l t  b a t h  t o  an i n t e r n a l  t e m p e r a t u r e  o f  0 ° ;  2 g o f  
2 - p h e n y l p r o p a n a l  (14 .9  mmol) d i s s o l v e d  i n  10 ml o f  a n h y d ro u s  
e t h e r  was a d d e d  a t  such a  r a t e  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  
d id  n o t  e x c e e d  5 ° .  The s o l u t i o n  was s t i r r e d  f o r  15 m in  a f t e r  
t h e  a d d i t i o n  was com ple te  a t  t h e  i c e - s a l t  b a t h  t e m p e r a t u r e .
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The b a t h  was t h e n  removed and t h e  r e a c t i o n  m i x t u r e  s t i r r e d  
f o r  an  a d d i t i o n a l  105 min.
The s o l u t i o n  was c o o le d  i n  a n  i c e - s a l t  b a t h  and 
h y d r o l y z e d  w i t h  30 ml o f  s a t u r a t e d  NaHCO^ s o l u t i o n  a t  su c h  
a r a t e  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  d id  n o t  exceed  1 0 ° .
The s o l u t i o n  was s t i r r e d  f o r  an  a d d i t i o n a l  5 min a f t e r  
rem oval  o f  t h e  b a t h .  The l a y e r s  were  s e p a r a t e d ,  t h e  
aqueous l a y e r  b e i n g  e x t r a c t e d  t w ic e  w i t h  e t h e r .  The 
e t h e r  l a y e r s  w e re  combined and d r i e d  o v e r  MgSO^, The 
d r y i n g  a g e n t  was removed by f i l t r a t i o n  and t h e  e t h e r  
s o l u t i o n  c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  a t  25° o r  
be low .  The r e s i d u e  was d i l u t e d  w i t h  30-60 ml o f  a n h y d ro u s  
b e n z e n e .  The r e s u l t a n t  p r e c i p i t a t e d  cadmium s a l t s  were  
removed by g r a v i t y  f i l t r a t i o n .  The f i l t r a t e  was c o n c e n t r a t e d  
u n d e r  t h e  same c o n d i t i o n s  and  t h e  r e s i d u e  a n a l y z e d  by g l p c .  
F i n a l  w e i g h t  o f  t h e  p r o d u c t  a f t e r  a l l  t h e  benzen e  was removed 
was 2 .1  g .  O l e f i n  f o r m a t io n  c a u se d  by t h e  p r e s e n c e  o f  c a d ­
mium s a l t s  was a  l e s s  s e r i o u s  p ro b lem  t h a n  i n  t h e  r e a c t i o n s  
w i t h  4 - t _ - b u ty l c y c l o h e x a n o n e .
R e a c t i o n  o f  Methylmagnesium I o d i d e  w i t h  2 - P h e n y l p r o p a n a l .
A s o l u t i o n  o f  15 ml o f  2 . 0  M MeMgl (30 mmol) was 
added by  means o f  a  20-ml s y r i n g e  t o  22 ml o f  a n h y d rou s  
e t h e r  w i t h  s t i r r i n g .  To p r e v e n t  t h e  l o s s  o f  e t h e r ,  t h e  
f l a s k  was c o o l e d  d u r i n g  th e  a d d i t i o n  o f  t h e  MeMgl. The 
G r ig n a r d  r e a g e n t  was th en  c o o le d  w i t h  an  i c e - s a l t  b a t h  
t o  an  i n t e r n a l  t e m p e r a t u r e  o f  0 ° .  A s o l u t i o n  o f  2 - p h e n y l ­
p r o p a n a l  ( 1 4 . 9  mmol) i n  10 ml o f  anh y d ro u s  e t h e r  was a d d ed  
a t  such  a  r a t e  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  d i d  n o t  e x c e e d  
5 ° .  A f t e r  t h e  a d d i t i o n  was c o m p le te  t h e  s o l u t i o n  was s t i r r e d  
f o r  an  a d d i t i o n a l  15 min a t  t h e  i c e - s a l t  b a t h  t e m p e r a t u r e .











T a b l e  3
F o r m a t i o n  o f  i n  s i t u  Cadmium R e a g e n t  f o r  t h e  R e a c t i o n  w i t h  2 - P h e n y l p r o p a n a l „
R e a g e n t F i n a l  M G r i g n a r d  R e a g e n t (2  M i n  e t h e r ) S a l t A d d i t i o n a l  S o l \
(CH3 ) 2Cd ( 1 , 1 ) . 0.4M 15 ml MeMgl 5 . 4 5 g  C d l 2 22 ml E t h e r
(CH3 ) 2Cd ( I , C l ) 0.4M 15 ml MeMgl 2 . 74g CdCl2 22 ml E t h e r
(CH3 ) ? Cd ( B r , B r ) 0.4M 15 ml MeMgBr 4 o06g  CdBr2 22 ml E t h e r
CH3 CdX ( I , C l ) 0.8M 15 ml MeMgl 5o48g  CdCl-2 22 ml E t h e r
CII3 CdBr 0 08M 15 ml MeMgBr 8 . 1 2 g  CdBr2 22 ml E t h e r
CH3 CdI 0.8M 15 ml MeMgl 1 0 . 9g C d l 2 22 ml E t h e r
ClI3MgBr 0.8M 15 ml MeMgBr ------ 22 ml E t h e r
ClI3MgI 0.8M 15 ml MeMgl ------ 22 ml E t h e r




The b a t h  was removed and t h e  s o l u t i o n  s t i r r e d  a t  am b ien t  
t e m p e r a t u r e  f o r  an  a d d i t i o n a l  105 m in .
The s o l u t i o n  was t h e n  c o o le d  i n  a n  i c e - s a l t  b a t h  
and h y d r o l y z e d  w i t h  30 ml o f  s a t u r a t e d  NaHCO^ s o l u t i o n  a t  
such a r a t e  t h a t  t h e  i n t e r n a l  t e m p e r a t u r e  d i d  n o t  exceed  
10° .  The l a y e r s  were s e p a r a t e d ,  t h e  aqueou s  l a y e r  b e in g  
e x t r a c t e d  t w i c e  w i t h  e t h e r .  The e t h e r  l a y e r s  were  combined ,  
d r i e d  o v e r  MgSO^, and c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  a t  
25° o r  be low ,  y i e l d i n g  2 . 1  g o f  c r u d e  p r o d u c t ,  w h ich  was 
a n a ly z e d  by g l p c .
GLPC A n a ly s is  o f  th e  R e a c t io n  M ixture  from Dimethylcadmium' 
and 2 -P h e n y lp r o p a n a l .
A n a l y s i s  was c o n d u c te d  on a  1 0 1 x  1 /4 "  column packed  
w i th  10% FFAP on Chromosorb W (6 0 -8 0  mesh) a t  a  t e m p e r a t u r e  
o f  170° and a  f lo w  r a t e  o f  67 m l /m in .  The p r o d u c t  o b t a i n e d  
from t h e  r e a c t i o n  o f  m ethy lm agnes ium  i o d i d e  w i t h  2 - p h e n y l ­
p r o p a n a l  was s u b j e c t e d  t o  g l p c  a n a l y s i s  and t h e  two m a jo r  
p r o d u c t s  c o l l e c t e d  by p r e p a r a t i v e  g l p c .  Compar ison  o f  
the nmr s p e c t r a  o f  t h e  two d i a s t e r e o m e r i c  3 - p h e n y l - 2 -
63b u t a n o l s  o b t a i n e d  w i t h  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  
a l lo w e d  a t e n t a t i v e  c o n f i g u r a t i o n a l  a s s i g n m e n t .  The 
m a t e r i a l  w i t h  t h e  s h o r t e r  r e t e n t i o n  t im e  was d e s i g n a t e d  
t h r e o  and t h e  m a t e r i a l  w i t h  t h e  l o n g e r  r e t e n t i o n  t im e  
e r y t h r o  ( s e e  T a b le  2 ) :
nmr( t h r e o ) 1 ( n °* 5235s CC14 } 5 1 ,1 0  ( d ) » 1 ,2 2  ( d ) 5
'  2 . 6 1  (m), 3o70 (m ) , 7 .1 5  ( s ) .
^ ( e r y t h r o ) :  ^n °* 5236,  CCV S 0,92 ^ 5 1,22 ^  *
2 .5 8  (m), 3 . 7 4  (m ) , 7 .1 4  ( s ) .
A f t e r  e ac h  d i a s t e r e o m e r  had  b e e n  i s o l a t e d  a s  d e s c r i b e d ,  
g lp c  a n a l y s i s  a n d ' c o m p a r is o n  o f  t h e  r e t e n t i o n  t im e s  
c o n f i rm ed  t h e  a s s i g n m e n t s .
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L i t h i u m  aluminum h y d r i d e  r e d u c t i o n  o f  2 - p h e n y l p r o ­
p a n a l  p r o v i d e d  2 - p h e n y l - l - p r o p a n o l , which  would have  t o  o c c u r  
by r e d u c t i o n  i n  t h e  sy s tem .  Glpc a n a l y s i s  i n d i c a t e d  t h a t  t h e  
r e t e n t i o n  t im e  was l o n g e r  t h a n  t h a t  o f  t h e  a d d i t i o n  a l c o h o l s  
so th e  p eak s  w e re  w e l l  s e p a r a t e d .  P r e p a r a t i o n  o f  3 - p h e n y l -  
b u t a n - 2 - o n e  was a c c o m p l i sh e d  by CrO^ o x i d a t i o n  i n  a c e t o n e  
s o l u t i o n  o f  a c r u d e  m ix tu r e  o f  t h e  b u t a n o l s  o b t a i n e d  by  t h e  
r e a c t i o n  o f  2 - p h e n y l p r o p a n a l  w i t h  methylmagnes ium  i o d i d e .
The k e to n e  was n o t  i s o l a t e d  from t h e  r e a c t i o n  m i x t u r e ,  
b u t  t h e  r e a c t i o n  was fo l lo w e d  by  nmr and g l p c .  Nmr ( n o .
5939, CCl^) i n d i c a t e d  t h a t  a  s i n g l e t  a p p e a re d  a t  £ 2 . 1 0 ,
X'jhich was a s s i g n e d  t o  th e  m e th y l  k e t o n e  r e s o n a n c e .  Glpc 
a n a l y s i s  i n d i c a t e d  t h a t  th e  k e t o n e  h a d  a r e t e n t i o n  t im e  
s l i g h t l y  l o n g e r  t h a n  t h a t  o f  t h e  s t a r t i n g  a ld e h y d e .  The 
c o n f i g u r a t i o n a l  c o m p o s i t i o n  o f  t h e  r e m a in in g  2 - p h e n y l - 2 - b u -  
t a n o l s  was u n c h a n g e d  a f t e r  15% o f  t h e  a l c o h o l s  had b e e n  
o x i d i z e d  t o  t h e  m e t h y l  k e t o n e .  T h r o u g h o u t  th e  e x p e r i m e n t s  
w i th  d im e th y lcad m ium  and 2 - p h e n y l p r o p a n a l ,  t h e  k e to n e  and  
r e d u c t i o n  a l c o h o l  t o t a l e d  no more t h a n  3% of t h e  t o t a l  
p r o d u c t .
54I s o l a t i o n  o f  t h r e o - 3 - P h e n y l - 2 - b u t a n o l .
A m i x t u r e  o f  11 g o f  i s o m e r i c  3 - p h e n y l - 2 - b u t a n o i s  
from t h e  r e a c t i o n  o f  2 - p h e n y l p r o p a n a l  w i t h  MeMgl, 1 2 .5  g 
o f  a nhydrous  p y r i d i n e ,  and 1 1 .2  g o f  p h t h a l i c  a n h y d r i d e  
was h e a t e d  a t  r e f l u x  ( o i l  b a t h )  f o r  90 m in .  I t  was t h e n  
c o o led  and  d i s s o l v e d  i n  b e n z e n e .  The benzene  s o l u t i o n  was 
e x t r a c t e d  t w i c e  w i t h  ex ce ss  d i l u t e  s u l f u r i c  a c i d ,  washed 
w i th  w a t e r ,  an d  d r i e d  over  MgSO^. The s o l u t i o n  was c o n ­
c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  an d  t h e  r e s i d u e  d i s s o l v e d  
i n  two vo lum es  o f  e t h y l  a c e t a t e .  P e t r o l e u m  e t h e r  (bp 4 0 - 6 0 ° )
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was added  u n t i l  t h e  s o l u t i o n  became t u r b i d .  The p r o d u c t  
w h ich  c r y s t a l l i z e d  was c o l l e c t e d  by  s u c t i o n  f i l t r a t i o n  
( 7 . 5  g ) .
T h i s  c r u d e  monoacid p h t h a l a t e  was p l a c e d  i n  a  
100-ml ro u n d - b o t to m e d  f l a s k  t o g e t h e r  w i th  4 g o f  sod ium  
h y d r o x i d e ,  4  g o f  p o ta s s iu m  h y d r o x i d e ,  and 40 ml o f  w a t e r .  
A f t e r  b e i n g  h e a t e d  a t  r e f l u x  f o r  16 h r ,  th e  s o l u t i o n  was 
c o o le d  and t h e n  e x t r a c t e d  w i t h  l o w - b o i l i n g  p e t r o l e u m  
e t h e r .  The o r g a n i c  l a y e r  was w ashed  w i t h  w a t e r  and d r i e d  
o v e r  MgSO^. The d ry in g  a g e n t  was removed and t h e  s o l u t i o n  
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r .  The f i n a l  p r o d u c t ,  
w e ig h in g  3 . 4  g ,  c o n s i s t e d  o f  90.5% t h r e o  iso m er  ( g l p c  
a n a l y s i s ) .
I s o l a t i o n  o f  e r y t h r o - 3 - P h e n y l - 2 - b u t a n o l .
A c h r o m a to g r a p h ic  co lum n was p r e p a r e d  w i t h  200 g 
o f  n e u t r a l  a l u m i n a  (Brockmann A c t i v i t y  no. 1) and p e n t a n e  
a s  s o l v e n t .  A 6 . 5  g sample  o f  i s o m e r i c  a l c o h o l s  o b t a i n e d  
from t h e  r e a c t i o n  of  2 - p h e n y l p r o p a n a l  w i th  MeMgl i n  a  
s m a l l  am ount  o f  p e n ta n e  was p l a c e d  on t h e  column. The 
e l u e n t  was v a r i e d  as l i s t e d  b e lo w ,  125-ml f r a c t i o n s  b e i n g  
c o l l e c t e d  t h r o u g h o u t .
1 .5  1. p e n ta n e  
800 ml 1% e t h e r  i n  p e n ta n e
400 ml 5% e t h e r  i n  p e n ta n e
200 ml 10% e t h e r  i n  p e n t a n e
200 ml 20% e t h e r  i n  p e n t a n e
600 ml o f  e t h e r
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P r o g r e s s  o f  t h e  e l u t i o n  was f o l l o w e d  by g lp c  a n a l y s i s  of  
t h e  r e s i d u e s  a f t e r  c o n c e n t r a t i o n  o f  t h e  f r a c t i o n s .  There  
was o b t a i n e d  3 . 2  g o f  a m ix t u r e  c o n s i s t i n g  o f  80.4% e r y t h r o  
and 19.6% t h r e o  isom ers  ( g l p c )  i n  t h e  f i r s t  two f r a c t i o n s  
w i t h  e t h e r  a s  e l u e n t .
A t tem p ted  E q u i l i b r a t i o n  o f  e r y t h r o - 3 - P h e n y l - 2 - b u t a n o l .
A m i x t u r e  o f  1 .2  g o f  3 - p h e n y l - 2 - b u t a n o l  ( i s o m e r  
d i s t r i b u t i o n  80.4%, e r y t h r o , 19.6%, t h r e o )  and 0 .9  g o f
2 - p h e n y l p r o p a n a l  was d i s s o l v e d  i n  10 ml o f  anhydrous  
e t h e r .  Dimethylcadmium ( i n  s i t u , B r , B r )  was p r e p a r e d  as 
p r e v i o u s l y  d e s c r i b e d  and t h e  above m i x t u r e  added u n d e r
th e  same c o n d i t i o n s  employed f o r  t h e  r e a c t i o n  o f  d i m e t h y l ­
cadmium r e a g e n t s  w i t h  2 - p h e n y l p r o p a n a l .  A l i q u o t s  were  t a k e n  
and h y d r o l y z e d  w i t h  co ld  s a t u r a t e d  NaHCO^ s o l u t i o n  a t  3 and 
16 h r .  A f t e r  3 h r  t h e r e  was l e s s  t h a n  1% a ld e h y d e  r e m a i n i n g „ 
The d a t a  o b t a i n e d  from th e  1 6 - h r  a l i q u o t  w i l l  be u se d  t o  
d e m o n s t r a t e  t h e  method o f  a n a l y s i s .
Aldehyde % e r y t h r o  % t h r e o  
40.3% 4 8 . 0  11 .7
l e s s  t h a n  1% 7 2 . 5  27 .5
40%
( s t e r e o c h e m i s t r y  o f  a d d i t i o n  p r o d u c t s  
r e s u l t i n g  from r e a c t i o n  w i t h  t h e  a l d e ­
hyde was p r e v i o u s l y  d e te rm in e d :  59.8%,
e r y t h r o , 40.2% t h r e o )
%> New e r y t h r o  E x p ec te d :  59.8%, o f  4 0 .3  = 24.2%,
% New t h r e o  E x p ec te d :  40.2% o f  4 0 .3  = 16.2%,
S t a r t i n g  m i x t u r e : 
1 6 - h r  p r o d u c t :
% r e a c t i o n  =
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T o t a l  e r y t h r o  P r o d u c t  E x p ec ted :
48.0% ( i n i t i a l )  + 24.2% (new) = 72.2%
T o ta l  t h r e o  P r o d u c t  E x p ec te d :
11.7% ( i n i t i a l )  + 16.2% (new) = 27.8%
V a lu e s  o b t a i n e d  a f t e r  16 h r :  e r y t h r o  = 72„5%
t h r e o  = 27.5%
This  i n d i c a t e s  t h a t  no e q u i l i b r a t i o n  o c c u r r e d  d u r i n g  t h e  
r e a c t i o n .  The e r y t h r o  c o n t e n t  was t h e  same a t  3 h r  and 
16 h r ,  a l s o  i n d i c a t i n g  no e q u i l i b r a t i o n  h ad  o c c u r r e d .
The e x p e r i m e n t a l  e r r o r  was t  1% on a l l  v a l u e s  r e p o r t e d  
a b o v e .
A t tem p ted  E q u i l i b r a t i o n  o f  t h r e o - 3 - P h e n y l - 2 - b u t a n o l .
A m i x t u r e  o f  1 .3  g o f  3 - p h e n y l - 2 - b u t a n o l  ( i s o m e r  
d i s t r i b u t i o n  90.5% t h r e o , 9.5% e r y t h r o )  and  0 .9  g o f  2-  
p h e n y l p r o p a n a l  was d i s s o l v e d  i n  10 ml o f  a n h y d ro u s  e t h e r .
I n  s i t u  d im e thy lcadm iu m  ( B r ,B r )  was p r e p a r e d  a s  p r e v i o u s l y
d e s c r i b e d  and t h e  above  m ix t u r e  added u n d e r  t h e  same c o n d i ­
t i o n s  employed f o r  t h e  r e a c t i o n  o f  d im ethy lcadm ium  r e a g e n t s  
w i t h  2 - p h e n y l p r o p a n a l .  A l i q u o t s  were t a k e n  a t  5 min ,  1 . 5 ,  
9, and 12 h r ,  an d  h y d r o ly z e d  w i t h  co ld ,  s a t u r a t e d  NaHCO^ 
s o l u t i o n .
A l i q u o t  % t h r e o  % a ld e h y d e
5 m in  7 1 .4  7
1 . 5  h r  70 .5  > 1
9 . 0  h r  71 .5  > 1
1 2 . 0  h r  71 .5  > 1
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% Aldehyde % t h r e o  % e r y t h r o  
S t a r t i n g  m i x t & r e :  3 6 .2  5 7 .7  6 . 1
A n a l y s i s  o f  t h e  d a t a ,  a s  d e s c r i b e d  p r e v i o u s l y  f o r  
th e  e q u i l i b r a t i o n  o f  t h e  e r y t h r o  i s o m e r ,  i n d i c a t e d  t h a t  
th e  t o t a l  am ount  o f  t h r e o  e x p e c t e d  was 1 1 . TL. The v a l u e  
o bse rv ed  (71 .5% ) was w e l l  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r  
(T 1%) and  i n d i c a t e s  t h a t  no e q u i l i b r a t i o n  had o c c u r r e d .  
P r e p a r a t i o n  o f  2 - P h e n y l b u t y r y l  C h l o r i d e .
F i f t y  grams o f  2 - p h e n y l b u t y r i c  a c i d  (0 .3 0 5  mol)
was p l a c e d  i n  a  250-ml t h r e e - n e c k e d ,  ro u n d -b o t to m e d  f l a s k
e q u ipp ed  w i t h  a  m a g n e t i c  s t i r r e r  and  a  r e f l u x  c o n d e n s e r .
A f t e r  135 ml o f  t h i o n y l  c h l o r i d e  (224  g;  1.90 mol) had
been a d d ed ,  t h e  m ix t u r e  was s t i r r e d  b r i e f l y  a t  a m b ie n t
t e m p e r a t u r e  an d  t h e  c o n t e n t s  s t i r r e d  a t  room t e m p e r a t u r e
f o r  an  a d d i t i o n a l  0 .5  h r .  The e x c e s s  t h i o n y l  c h l o r i d e  was
d i s t i l l e d  a t  a t m o s p h e r i c  p r e s s u r e .  The 2 - p h e n y l b u t y r y l
64c h l o r i d e  was d i s t i l l e d ,  bp 8 4 . 5 - 8 3 °  ( 3 . 7  mm). Y i e l d  
was 54 g (97% ).
65P r e p a r a t i o n  o f  I m i d a z o l i d e  o f  2 - P h e n y l b u t y r i c  a c i d .
A s o l u t i o n  o f  i m i d a z o l e  ( 4 0 . 4  g; 0 .594 mol)  i n  
300 ml o f  a n h y d r o u s  THF was p l a c e d  i n  a  1 -1 .  t h r e e - n e c k e d ,  
r o u n d - b o t to m e d  f l a s k  e q u ip p ed  w i t h  a  m ag n e t ic  s t i r r e r  a n d  
a  d r o p p in g  f u n n e l .  A s o l u t i o n  o f  54 g o f  2 - p h e n y l b u t y r y l  
c h l o r i d e  ( 0 . 2 9 7  mol) i n  200 ml o f  a n h y d ro u s  THF was a d d e d  
o v e r  a  p e r i o d  o f  30 min a t  room t e m p e r a t u r e .  The c o n t e n t s  
were t h e n  r e f l u x e d  f o r  1 h r  an d  s t i r r e d  a t  room t e m p e r a t u r e  
f o r  an  a d d i t i o n a l  4 h r .  The s o l u t i o n  was coo le d  i n  a n  i c e  
b a t h  and t h e  i m i d a z o l e  h y d r o c h l o r i d e  removed by s u c t i o n  
f i l t r a t i o n .  The s o l v e n t  was rem oved  on  a  r o t a r y  e v a p o r a t o r
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t o  g i v e  a  l i g h t  y e l l o w  s o l i d .  The s o l i d  was e x t r a c t e d  w i t h  
c o ld  b e n z e n e  and th e  w h i t e  s o l i d  i r a i d a z o l i d e  c o l l e c t e d  by 
s u c t i o n  f i l t r a t i o n .  T h is  y i e l d e d  45 g o f  i r a i d a z o l i d e ,  mp 
8 6 - 8 9 ° .
The benzene  s o l u t i o n  u se d  f o r  e x t r a c t i o n  was t h e n  
washed w i t h  d i l u t e  HC1 and s a t u r a t e d  NaHCO^ s o l u t i o n .
N ex t  i t  was d r i e d  o v e r  MgSO^. The d r y i n g  a g e n t  was t h e n  
removed and t h e  s o l u t i o n  e v a p o r a t e d  t o  d r y n e s s  w i th  t h e  
r o t a r y  e v a p o r a t o r .  The s o l i d  r e m a in i n g  was washed w i t h  
a c o l d  p e t r o l e u m  e t h e r - b e n z e n e  s o l u t i o n  ( 3 : 1  v /v )  and t h e  
w h i t e  s o l i d  c o l l e c t e d  by s u c t i o n  f i l t r a t i o n ;  10 g, mp 
8 6 - 8 9 ° .  The combined f r a c t i o n s  amounted t o  55 g ( 0 .2 6  mol) 
o f  i r a i d a z o l i d e  (877.) .
P r e p a r a t io n  o f  2 -P h e n y lb u ta n a l .
R e d u c t io n  o f  t h e  above  i m i d a z o l i d e  was a c c o m p l i sh e d  
w i t h  LiAlK,
54R ea ctio n  o f  Methylmagnesium Bromide w ith  2 -P h e n y lb u ta n a l .
A s o l u t i o n  o f  1 3 .5  ml o f  1 .98  M m ethylmagnesium 
b rom ide  ( 2 6 .8  mmol) was added  v i a  a  20-ml s y r i n g e  t o  
20 ml o f  a n h y d ro u s  e t h e r  w i t h  s t i r r i n g .  The r e a g e n t  
was t h e n  c o o l e d  by means o f  a n  i c e - s a l t  b a t h  t o  an 
i n t e r n a l  t e m p e r a t u r e  o f  0 - 5 ° ;  2 g o f  2 - p h e n y l b u t a n a l  
( 1 3 . 4  mmol) i n  10 ml o f  a n h y d ro u s  e t h e r  was added and 
t h e . i n t e r n a l  t e m p e r a t u r e  m a i n t a i n e d  be low  5 ° .  The s o l u ­
t i o n  was s t i r r e d  f o r  15 min a t  t h e  b a t h  t e m p e r a t u r e  a f t e r  
t h e  a d d i t i o n  was c o m p l e t e .  The b a t h  was removed and t h e  
s o l u t i o n  s t i r r e d  a t  a m b ie n t  t e m p e r a t u r e  f o r  an  a d d i t i o n a l  
105 m in .
The s o l u t i o n  was t h e n  c o o le d  t o  a n  i n t e r n a l  
t e m p e r a t u r e  o f  0° and h y d r o l y z e d  w i t h  30 ml o f  s a t u r a t e d
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NaHCO^  s o l u t i o n  a t  such a r a te  th a t  th e  in t e r n a l  tem pera­
tu re  d id  not e x c e e d  1 0 ° .  The s o l u t i o n  was s t i r r e d " f o r  an 
a d d i t io n a l  5 min a f t e r  removal o f  th e  i c e  b a th . The la y e r s  
were se p a r a ted  and th e  aqueous l a y e r  e x tr a c t e d  tw ice  w ith  
e th e r .  The e t h e r  la y e r s  were combined and dried  over  MgSOA . 
The dry ing  a g e n t  was removed by f i l t r a t i o n  and the s o l u t i o n  
co n cen tra ted  on a r o ta r y  evap orator  a t  25° or below . F in a l  
w eight o f  crude p rod u ct  was 2 .1  g.
R eaction  o f  in  s i t u  Dimethylcadmium (B r ,B r)  w ith  2 -P h e n y l-  
b u ta n a l .
A s o l u t i o n  o f  13 .5  ml o f  1 .9 8  M MeMgBr (2 6 .8  mmol) 
was added v ia  a 2 0 -ml sy r in g e  t o  a s t i r r e d ,  co ld  m ixture  o f  
3 .65  g o f  CdBr^ ( 1 3 .4  mmol) and 20 ml o f  anhydrous e t h e r .  
This a d d i t io n  was c a r r ie d  out such t h a t  no e b u l l i t i o n  
occu rred . The s o l u t i o n  was then  s t i r r e d  a t  ambient 
tem perature f o r  15 min before  the  Gilman t e s t  was ta k e n .
The t e s t  was n e g a t i v e  b e f o r e  t h e  r e a c t i o n  was a l lo w e d  t o  
p ro ceed  t o  t h e  n e x t  s t e p .
The dimethylcadmium r ea g en t  was then  coo led  t o  an 
in t e r n a l  tem p era tu re  o f  0 -5°;  2 g o f  2 -p h en y lb u ta n a l in
10 ml o f  anhydrous e th e r  was added a t  such a ra te  t h a t  th e  
in t e r n a l  tem p eratu re  d id  not exceed  5 ° .  The s o lu t io n  was 
then s t i r r e d  f o r  15 min a t  i c e - s a l t  b a th  temperature a f t e r  
the a d d i t io n  was com p lete .  The s o l u t i o n  was s t i r r e d  a t  
ambient tem p eratu re  f o r  an a d d i t io n a l  105 min.
I t  was c o o le d  in  an i c e - s a l t  b a th  to  an in t e r n a l  
tem perature o f  0° and hydrolyzed  w i t h  30 ml of sa tu r a te d  
NaHCOg s o l u t i o n  a t  such  a r a te  th a t  th e  in te r n a l  tem p eratu re  
did not exceed  1 0 ° .  The s o lu t io n  was s t i r r e d  fo r  an a d d i ­
t i o n a l  5 min a f t e r  removal o f  th e  b a t h .  The la y e r s  were
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s e p a r a t e d ,  t h e  aqueous l a y e r  b e i n g  e x t r a c t e d  t w i c e  w i t h  
e t h e r .  The e t h e r  l a y e r s  w ere  combined and d r i e d  o v e r  
MgSO^. The d r y i n g  a g e n t  was removed by f i l t r a t i o n  and  
th e  e t h e r  l a y e r  c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  a t  
25° o r  b e lo w .  A d d i t i o n  o f  5 0 -7 5  ml o f  anhydrous  b e n z e n e  
c au se d  p r e c i p i t a t i o n  o f  cadmium s a l t s ,  which w ere  removed 
by f i l t r a t i o n .  The f i l t r a t e  was c o n c e n t r a t e d  i n  t h e  same 
manner an d  t h e  r e s i d u e  a n a l y z e d  by  g l p c .  F i n a l  w e i g h t  o f  
c ru d e  p r o d u c t  a f t e r  rem ova l  o f  b e n z e n e  was 2 .1  g .
GLPC A n a ly s i s  o f  the R e a c t io n  M ixtu res from 2 -P h e n y lb u ta n a l .
A n a l y s i s  was c o n d u c t e d  on a  1 0 1 x 1 /4"  co lum n  packed 
w i t h  10% FFAP on Chromosorb W ( 6 0 - 8 0  mesh) a t  a  t e m p e r a t u r e  
o f  1 6 5 -1 7 0 °  w i t h  a  f lo w  r a t e  o f  67 m l/m in .  The ch rom a togram  
was v e r y  s i m i l a r  to  t h a t  o b t a i n e d  f rom  th e  2 - p h e n y l p r o p a n a l  
sy s te m .  From p r e v io u s  work‘d  i t  was known which  o f  t h e  
d i a s t e r e o m e r s  p redo m in a ted  i n  t h e  G r ig n a rd  r e a c t i o n .  As 
i n  t h e  2 - p h e n y l p r o p a n a l  s y s t e m ,  t h e  t h r e o  p r o d u c t  h a d  
th e  s h o r t e r  r e t e n t i o n  t im e  ( s e e  T a b le  2 ) .  Two s m a l l  
p eaks  a p p e a r e d  i n  th e  same p o s i t i o n s  as  th e  r e d u c t i o n  and 
o x i d a t i o n  p r o d u c t s  f rom  t h e  2 - p h e n y l p r o p a n a l  s y s t e m  and  
t h e s e  w e re  a s s i g n e d  t o  t h e  c o r r e s p o n d i n g  b y p r o d u c t s .  The 
e x t e n t  o f  o x i d a t i o n  and r e d u c t i o n  d i d  n o t  exceed  3%. 
P r e p a r a t i o n  o f  B e n z y l t r i e th y la m m o n iu m  C h l o r id e .
A s o l u t i o n  o f  1 0 .1  g ( 0 . 1  mol) o f  t r i e t h y l a m i n e  
i n  100 m l  o f  anhydrous b e n z e n e  was p la c e d  i n  a  250-m l  
E r le n m c y c r  f l a s k .  Benzyl  c h l o r i d e ,  12 .7  g ( 0 .1 0 0  m o l ) ,  
was t h e n  mixed w i th  30 ml o f  a n h y d ro u s  benzene and a d ded  
s lo w ly  t o  t h e  t r i e t h y l a m i n e  s o l u t i o n  which was b e i n g  
s t i r r e d  m a g n e t i c a l l y .  No n o t i c e a b l e  r e a c t i o n  o c c u r r e d  
and t h e  f l a s k  was g e n t l y  h e a t e d  f o r  2 h r s .  The p r e c i p i t a t e  
formed a f t e r  t h i s  t im e was c o l l e c t e d  by s u c t i o n .  The
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f i l t r a t e  was t h e n  r e t u r n e d  to  t h e  f l a s k ,  s t o p p e r e d ,  and 
s t i r r e d  o v e r n i g h t  a t  a m b ie n t  t e m p e r a t u r e .
The r e a c t i o n  was n o t i c e a b l y  s low ;  a f t e r  12 h r s  more 
s o l i d  was c o l l e c t e d .  I n f r a r e d  a n a l y s i s  (n o .  4833)  o f  t h e  
combined p r e c i p i t a t e s  ( 9 . 4  g ) . a f t e r  b e i n g  d r i e d  i n  a  
vacuum d e s i c c a t o r  o v e r  P90,-, i n d i c a t e d  v e r y  l i t t l e  i f  
any t r i e t h y l a m i n e  h y d r o c h l o r i d e  p r e s e n t .
66P r e p a r a t i o n  o f  3 - M e t h y l - 2 - p h e n y l b u t a n o n i t r i l e .
A s o l u t i o n  o f  9 4 .0  g o f  p h e n y l a c e t o n i t r i l e  (0 .3 1  
mol) and 123 g o f  2 -b rom opropane  ( 1 . 0  mol)  was a d d ed  w i th  
s t i r r i n g  t o  a  s o l u t i o n  o f  200 ml o f  50% NaOH a n d  1 . 4  g o f  
b e n z y l t r i e th y l a m m o n iu m  c h l o r i d e .  The r e a c t i o n  was m i l d l y  
e x o th e r m ic  and t h e  i n t e r n a l  t e m p e r a t u r e  was k e p t  be low  
45° by u s e  o f  a n  i c e  b a t h .  A f t e r  t h e  e x o t h e r m i c  r e a c t i o n  
c e a s e d ,  t h e  s o l u t i o n  was s t i r r e d  v i g o r o u s l y  o v e r n i g h t .
The m i x t u r e  was t h e n  d i l u t e d  w i t h  w a t e r  and t h e  two 
l a y e r s  s e p a r a t e d .  The aqueous l a y e r  was e x t r a c t e d  w i t h  
e t h e r ,  d r i e d ,  and c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a t o r .  
D i s t i l l a t i o n  u n d e r  vacuum gave 75 g (58%) o f  t h e  d e s i r e d  
n i t r i l e :  bp 1 1 1 .5 - 1 1 5 °  ( 7 . 3  mm).
67H y d r o l y s i s  o f  3 - M e t h y l - 2 - p h e n y l b u t a n o n i t r i l e .
A m i x t u r e  o f  40 g o f  n i t r i l e  ( 0 . 2 o  m o l ) ,  56 g KOH
( 1 . 0  m o l ) ,  and 300 ml o f  d i e t h y l e n e  g l y c o l  was s t i r r e d  and
h e a t e d  a t  107° f o r  72 h r .  D i l u t i o n  w i t h  c o l d  w a t e r  p r e -
49c i p i t a t e d  t h e  am ide  w hich  was c o l l e c t e d  by f i l t r a t i o n  
and d r i e d .  F i n a l  w e i g h t  o f  c r u d e  amide  was 20 g .  A f t e r  
work-up  and  d i s t i l l a t i o n  o f  t h e  a c i d i c  m a t e r i a l ,  t h e r e  was 
o b t a i n e d  10 g o f  3 - m e t h y l - 2 - p h e n y l b u t a n o i c  a c i d ,  bp 107-115° 
( 0 .7  mm). F o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  e x p e r i m e n t a l  
p r o c e d u r e ,  s e e  R e f e r e n c e  53 .
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P rep a ra tion  o f  3 -M e th y l-2 -p h e n y lb u ta n o ic  A c id .
A s o l u t i o n  o f  20 g ( 0 ,1 1  m ol) o f  th e  amide o b ta in e d  
above, 60 ml o f  g l a c i a l  a c e t i c  a c i d ,  60 ml o f  c o n c e n tr a te d  
HC1, and 20 ml o f  w a ter  was c o o le d  t o  0° by means o f  an  
i c e - s a l t  b a th .  A s o lu t io n  o f  16 g o f  NaNO  ^ (0 .2 3  mol) in  
30 ml o f  w a te r  was added dropw ise o v e r  a per iod  o f  1 .5  h r  
w ith  s t i r r i n g .  A f t e r  the a d d i t io n  was com p lete , th e  b a th  
was removed and th e  m ixture s t i r r e d  f o r  12 h r . The m ix tu r e  
was then  d i l u t e d  w ith  w ater and e s t r a c t e d  tw ice  w ith  100-m l  
p o r t io n s  o f  e t h e r .  The e th e r  e x t r a c t s  were combined and  
e x tr a c te d  s i x  t im es  w ith  50 ml o f  s a t u r a t e d  Nacl s o l u t i o n .
The e th e r  s o l u t i o n  was d r ied  ov er  MgSO^ and then c o n c e n tr a te d  
on a r o ta r y  e v a p o r a to r .  D i s t i l l a t i o n  y ie ld e d  1 3 .1  g (65%>) 
o f  a c id  p r o d u c t ,  bp 109-114° ( 0 .7  mm).
P rep a ra tio n  o f  3 -M e th y l -2 -p h e n y lb u ta n a l .
P r e p a r a t io n  was acco m p lish ed  by a d d it io n  o f  a
25s o lu t io n  o f  2 0 .3  g (0 .0 8  mol) o f  tri-t_-butoxyalum inum  h y d r id e  
in  d iglym e t o  a s o l u t i o n  o f  1 5 .2  g (0 .0 7 7  mol) o f  3 -m eth y 1-
2 -p h en y lb u ta n o y l  c h lo r id e  [bp 6 0 -6 4 °  ( 0 .7  mm)] in  d ig ly m e  
a t  - 7 8 ° .  A f t e r  work-up th e re  was o b ta in e d  5 .0  g (33%) o f
3 -m e th y l-2 -p h e n y lb u ta n a l : 70-73°  ( 1 . 0  mm) [ l i t . ^  7 2 -7 3 °
( 1 .0  mm)]. F or  a d e t a i l e d  d e s c r i p t i o n  o f  the e x p e r im e n ta l  
procedure, s e e  R eferen ce  5 3 .
Glpc a n a l y s i s  on FFAP and Carbowax in d ic a te d  t h a t  
the f r a c t i o n  c o n ta in e d  85% 3 -m e th y l-2 -p h e n y lb u ta n a l  and 
15% iso b u ty r o p h e n o n e .
R eaction  o f  11 i n  s i t u "  Dimethylcadmium ( 1 ,1 )  w ith  3 -M e th y l-
2 -p h e n y lb u ta n a l .
A s o l u t i o n  o f  6 .2  ml o f  1 .9 8  M MeMgl (1 2 .3  mmol) 
was added t o  a  s t i r r e d ,  c o ld  m ix tu r e  o f  2 .2 6  g o f  Cdl9
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(6 .2 0  mmol) in  9 .5  ml o f  anhydrous e t h e r .  T h is  a d d i t io n  
was c a r r ie d  out such th a t  no e b u l l i t i o n  o c c u r r e d .  The 
s o lu t io n  was th en  s t i r r e d  a t  am bient tem perature  fo r  15 min 
b e fo re  th e  Gilman t e s t  was shown to  be n e g a t i v e .
The dimethylcadmium rea g e n t  was then  c o o le d  to  an 
in t e r n a l  tem perature  o f  0 -5 ° ;  1 g o f  3 -m e th y l-2 -p h e n y ib u ta n a l  
(85% pure) in  5 ml o f  anhydrous e th e r  was added a t  such a 
r a te  th a t  th e  i n t e r n a l  tem perature d id  n o t e x ceed  5 ° .  The 
s o lu t io n  was th en  s t i r r e d  fo r  15 min a t  the i c e - s a l t  bath  
tem perature a f t e r  th e  a d d i t io n  was co m p le te .  The s o l u t i o n  
w a s .s t i r r e d  a t  am bient tem perature f o r  an a d d i t io n a l  105 m in.
I t  was c o o le d  in  an i c e  b a th  to  an i n t e r n a l  tempera­
tu r e  o f  0° and h y d ro ly zed  w ith  15 ml o f  a s a tu r a t e d  NaHCO^  
s o lu t io n  a t  such a r a t e  th a t  th e  i n t e r n a l  tem p erature  did 
n ot exceed 1 0 ° .  The m ixture  was s t i r r e d  f o r  an a d d i t io n a l  
5 min a f t e r  removal o f  th e  i c e  b a th .  The la y e r s  were 
se p a r a ted , th e  aqueous la y e r  b e in g  e x tr a c t e d  tw ic e  w ith  
e th e r .  The e th e r  la y e r s  were combined and d r ie d  over  MgSO^. 
The drying  a g e n t  was removed by f i l t r a t i o n  and th e  e th e r  
c o n cen tra ted  on a r o ta r y  eva p o ra to r  a t  25° o r  b e low .
A d d it io n  o f  20 ml o f  anhydrous benzene caused  p r e c i p i t a ­
t i o n  o f  cadmium s a l t s ,  which were removed by f i l t r a t i o n .
The f i l t r a t e  was co n cen tra ted  in  th e  same manner and the  
res id u e  an a lyzed  by g lp c . F in a l  w e ig h t o f crude product 
a f t e r  rem oval o f  th e  benzene was 1 .2  g .
GLPC A n a ly s is  o f  th e  R ea ct io n  M ixture from i n  s i t u  D im eth y l­
cadmium and 3 -M e th y l-2 -p h e n y lb u ta n a l .
A n a ly s i s  was conducted on a 10* x 1/4"  column packed 
w ith  107o STAP on Chromosorb W ( 6 0 - 8 0  mesh) a t  a tem perature
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o f  160° w ith  a f lo w  r a te  o f  7 0 .5  m l/m ia . The 3 -m eth y l- 2 -
phen ylbu tanal was shown, to  c o n ta in  15% o f  a s i n g l e  im p u rity .
The im pu rity  was i s o l a t e d  by g lp c  and i d e n t i f i e d  by 
53E. G o lle r  and shown to  be iso b u ty ro p n e n o n e 0 A d d it io n  
o f  MeMgl to  a sample o f  isob utyrop henon c  a llow ed  g lp c  
a n a ly s i s  o f  th e  m e th y l is o p r o p y lp h e n y lc a r b in o l .  Glpc 
a n a ly s i s  o f  th e  r e a c t io n  m ixture  o b ta in ed  from d im eth y lcad -  
mium and 3 -m e th y l-2 -p h e n y lb u ta n a l  r e s u l t e d  in  two major 
component peaks which were i s o l a t e d  by p r e p a r a t iv e  g lp c .
A l l  the  r e a c t io n  produ cts  were n i c e l y  sep a ra ted  and 
i d e n t i f i a b l e  (T ab le  2 ) .  The nmr s p e c tr a  o f  the  two 
a ia s te r e o m e r ic  a l c o h o l s  were n ot c o n c lu s iv e  in  terms o f  
c o n f ig u r a t io n a l  a ss ig n m en t .  A t e n t a t i v e  ass ignm ent was 
made on in fr a r e d  com parison w ith  th e  th r e o  and ery th ro  i s o ­
mers o f  3 -p h e n y l-2 -b u ta n o l  and 3 - p h e n y l - 2 - p e n t a n o l . A gain ,  
the order o f  e l u t i o n  on th e  g lp c  chromatograph in d ic a te d  tha  
the th reo  isom er was e lu t e d  f i r s t .
To t e s t  th a  c o n f ig u r a t io n a l  a ss ig n m e n ts ,  d eh yd ra tion  
s t u d ie s  were co n d u cted . This in v o lv e d  th e  deh yd ration  o f  
threo  and e ry th r o  m ix tu res  o f  3 - p h e n y l -2 -b u ta n o l ,  3 -p h e n y l-
2 -p e n ta n o l ,  and th e  3 -p h e n y l -4 - m e th y l - 2 -p e n t a n o l . A d d it io n  
o f  an e t h e r e a l  s o l u t i o n  o f  ZnB^ to  each  o f  the  sam p les,  
fo l lo w e d  by i n j e c t i o n  in t o  the  chromatograph a t  2 65° ,  
r e s u l t e d  in  d e h y d ra t io n , which cou ld  be m onitored by 
g lp c  r ea d o u t .  By v a r y in g  th e  amount o f  ZnBr^ p r e s e n t ,  
the e x te n t  o f  d eh y d ra tio n  cou ld  be c o n t r o l l e d .  From the  
g lp c  data  taken  b e fo r e  and a f t e r  d eh y d ra t io n  i t  was 
observed th a t  th e  e ry th ro  isom ers o f  3 -p h e n y l-2 -b u ta n o l  
and 3 -p h e n y l-2 -p e n ta n o l  dehydrated a t  a f a s t e r  r a t e .
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This i s  a l s o  what has  been observed f o r  s o l v o l y s i s  o f  the
683 - p h e n y l -2 - b u t a n o ls . The g lp c  data  on 3 -p h e n y l-4 -m e th y l-  
2 -p en ta n o l in d ic a t e d  th a t  the isom er which was p r e v io u s ly  
a ss ig n e d  ery th ro  ( i r  and g lo c  e l u t i o n  order) did indeed  
dehydrate a t  a  f a s t e r  r a t e .  This data  in d ic a te d  th a t  the  
assign m en ts are  c o r r e c t .
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DISCUSSION AND RESULTS
One o f  the f i r s t  re a c tio n s  s tu d ie d  was th a t  between
benzoyl c h lo r id e  and in  s i t u  (B r ,C l)  d iethylcadm ium  in  e th e r  
s o lu t io n . The re a c tio n  was found to  produce the  d e s ire d  
propiophenone, but e th y l benzoate was the  m ajor p ro d u c t.
The fo rm a tio n  o f  the  e th y l benzoate can be considered  to  
a r is e  from  c le avag e  o f th e  d ie th y l  e th e r .  When te tra h y d r o -  
fu ran  was used as th e  s o lv e n t, th e  8 -h a lo b u ty l benzoate e s te r ,  
which r e s u lte d  from  cleavage o f th e  te tra h y d ro fu ra n , was the  
on ly  is o la te d  p ro d u c t. These experim ents in d ic a te d  th a t  the
re a c tio n  o f  organocadmium reagents  and a c id  c h lo r id e s  should  
be c a r r ie d  o u t in  benzene s o lu t io n . The e a r ly  re p o rte d  
y ie ld s  on t h is  re a c tio n  may be in  e r r o r  because o f th e  
d i f f i c u l t y  in  s e p a ra tin g  the  ketone and the  e s te r  by 
d i s t i l l a t i o n .
The i n i t i a l  experim ents in v o lv in g  a d d it io n  o f  organo­
cadmium re a g e n ts  to  sim ple carbony ls  were conducted on benz- 
a ldehyde. B oth  the in  s i t u  and "one s t e p " d ie th y lc a d m iu m  
reagents w ere  found to  re a c t r e a d i ly  w ith  benzaldehyde in  
e th e r , p ro d u c in g  e th y lp h e n y lc a rb in o l in  good y ie ld s .  When 
the r e a c t io n  was c a rr ie d  out in  te tra h y d ro fu ra n , v e ry  l i t t l e  
o f the 2° a lc o h o l could be d e te c te d .
CbHrCOCl 6 5
CLULCOCl 6 5
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C6H5 CHO + (C2H5) 2 Cd -> C6H5CH(OH)(C2H5 )
"one step "  -> 59% (e th e r )  0% (THF) (20)
(B r , Cl)
in  s i t u  -> 68% (e th e r )  0% (THF)
(B r ,C l)
The a d d i t io n  o f  crganocadmium r e a g e n ts  to  a c e to -  
phenone and cyc loh exan on e  was found to  be more s e n s i t i v e  
to  r e a c t io n  v a r i a b l e s .  The e x te n t  o f  a d d i t io n  o f  d im eth y l- 
ana d iethylcadm ium  was observed  to  be dependent on the  
h a l id e  p r e s e n t .  A d d it io n  to  cyclohexanon e d id  n o t  occur  
to  any a p p r e c ia b le  e x te n t  in  th e  absence o f  i o d id e  io n ,  
in trod u ced  a s  Mgl2<
O or
e^-hercyclohexanon e + in  s i t u  cadmium rea g en t  ---- » 1 - a lk y lc y c lc h e x a n o l
(C2H5) 2Cd (B r ,C l) 0% (R=c2h5)
(C2H5) 2Cd ( I ,C l ) 80% ( r=c2h5)
C^Hj-CdX ( I ,C l ) 23% (R=c2h5)
(CH3 ) 2Cd ( I ,C l ) 93% (R=CH3)
C^H, 10Cd(CHCJ)o 1 1  y ( I ,C l ) 45% (R=CH3)
( 21)
I t  is  a ls o  in te r e s t in g  to  note th a t  the a d d it io n  o f  m eth y l-  
cyclohexoxycadmium to  cyclohexanone occurs a t  a s lo w er ra te  
than does th e  corresponding in  s i t u  dim ethylcadm ium  re a g e n t. 
This suggests th a t  the  f i r s t  a lk y l  group in  R^Cd is  tra n s ­
fe rre d  to  a c a rb o n y l much more r e a d i ly  than  th e  second one.
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The o b s e r v a t io n  th a t  benza ldehyd e was more r e a c t i v e  . than
cyclohexanon e has been observed  to  be a g e n e r a l iz e d  order
o f  r e a c t i v i t y  toward organocadmium r e a g e n t s .
In  v iew  o f  the  d e t a i l e d  stu d y  o f  th e  s te r e o c h e m is tr y
o f  th e  a d d i t io n  o f  m ethyl Grignard r e a g e n ts  to  4 -t_ -b u ty l-
37 70cyclohexanon e  r ep o r ted  in  1962 and 1965, an i n v e s t i g a t i o n  
in to  th e  same r e a c t i o n  w ith  th e  m ethyl cadmium rea g en t was 
undertaken . As shown in  e q u a t io n  22, th e  r e a c t i o n  i s  ex p e c ted  
to  le a d  to  a m ix tu re  o f  t r a n s ( ”Z ")- and c i s ("E") -1 -m e th y l-  
4 -t_ -b u ty lc y c lo h e x a n o ls  (2 and _3) in  which th e  a lc o h o l  
f u n c t io n  i s ,  r e s p e c t i v e l y ,  a x i a l  and e q u a t o r i a l .
dem onstrated th a t  magnesium r e a g e n ts  a t t a c k  4 - t - b u t y l -  
cyc loh exan on e  from the  l e s s  h in d e re d  s i d e  w ith  p r e f e r e n t i a l  
fo rm atio n  o f  th e  thermodynamic p rod u ct ,  th e  ( Z ) - a l c o h o l .  
A d d it io n  o f  h y d r id e  from a v a r i e t y  o f  m e ta l  h y d r id e  r e a g e n ts ,  
on th e  o th e r  hand, occu rs predom inan tly  v i a  a x i a l  approach. 
These o b s e r v a t io n s  have le d  t o  two d iv e r g e n t  v iew s  on th e  
c o n t r o l l i n g  f a c t o r s  in  a d d i t io n :  " s t e r i c  approach" v s .
"product d e v e lo p m en t" ^  c o n t r o l .
OH
( 22)
From p r e v io u s  work, i t  has been c o n v in c in g ly
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7?
M arshall and C a r r o l l  “ proposed a model f o r  the  
t r a n s i t i o n  s t a t e ,  by which one cou ld  e s t im a te  sem iq u a n ti-  
t a t i v e l y  th e  magnitude o f  th e  s t e r i c  e f f e c t  on th e  b a s i s  
o f  th e  t r a n s i t i o n  s t a t e  bond l e n g t h s .  From t h i s  model,
\
o r  AO aft e a
1.2A 2.2A 1.8A
1 .6 2 .0 2 .0
2 .0 1 .9 2 .1
2 .4 2 .0 2 .3
ecia
\
i t  has  b een  r a t i o n a l i z e d  t h a t  th e  1 , 3 - ( d i a x i a l )  i n t e r a c t io n s  
are l e s s  im portant than th e  1 , 2 - ( e q u a t o r ia l  a x i a l )  i n t e r a c ­
t io n s  i n  th e  form ation  o f  a C-H bond (1 .0 7 A );  w h i le ,  w ith  
th e  lo n g e r  C-C bond ( 1 .5 4 a ) b e in g  formed during th e  Grignard 
a d d i t io n ,  the  importance o f  th e  i n t e r a c t io n s  i s  r e v e r s e d .
A c o r o l l a r y  o f  t h i s  h y p o th e s i s  i s  th e  p r e d ic t io n  t h a t ,  
w it h in  c e r t a i n  r a th e r  narrow l i m i t s  o f  bond d i s t a n c e s ,  
th e  e x t e n t  o f  a x i a l  a t t a c k  w i l l  in c r e a s e  as th e  t r a n s i t i o n
s t a t e  bond d is ta n c e  d e c r e a s e s .
6 2C herest and F e lk in  have c l a r i f i e d  th e  in t e r a c t io n s  
in  th e  cyclohexanon e system  and have  p o in ted  out th e  im port­
ance o f  t o r s i o n a l  e f f e c t s  as w e l l .  Form ation o f  a x i a l  
a lc o h o l  ( e q u a t o r ia l  a t t a c k )  im p l ie s  a p a r t i a l l y  e c l ip s e d
-L.
t r a n s i t i o n  s t a t e  Z-1*, in v o lv in g  some degree  o f  t o r s i o n a l  
s t r a i n  ( 1 , 2  i n t e r a c t i o n ) .  Form ation o f  th e  e q u a t o r ia l  
a lc o h o l  ( a x i a l  a t ta c k )  im p l ie s  an e s s e n t i a l l y  s ta g g e re d  
t r a n s i t i o n  s t a t e  2 r in v o lv in g  some deg ree  o f  s t e r i c  s t r a i n  
( 1 ,3  i n t e r a c t i o n ) .
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CH
to r s io n a l
s t r a in
s t e r i c  He Q
s t r a in  \ //
i
/  ^  CH
( ch2) 2
Ha (24)
( ch2) 2 2
(Z) (E)
They suggest th a t  the re a c tio n s  proceed v ia  
r e a c t a n t - l ik e  t r a n s i t io n  s ta te s  and th a t  the  s te re o ­
ch em is try  observed is  determ ined by th e  r e la t iv e  m agnitudes 
o f to rs io n a l and' s t e r ic  s t r a in  in  the t r a n s i t io n  s ta te s  a 
C o n s id era tio n  o f these fa c to rs  e x p la in s  th e  d iscrepancy
between h y d rid e  re d u c tio n  and G rignard  a d d it io n  s te re o -
73c h e m is try . Recent r e s u lts  on h y d rid e  re d u c tio n  can
best be ex p la in ed  w ith  th e  M a rs h a ll and F e lk in  m odels.
Because o f the supposed in s e n s i t iv i t y  o f to rs io n a l s t r a in
62to  the b u lk  o f the a t ta c k in g  reagent and s in ce  R1 is  h e ld  
co nstan t in  the  re a c tio n s  w ith  4 -_ t-b u ty lcyc lo hexano ne , the  
p resen t exp erim en ta l r e s u lts  seem b e s t e x p la in e d  by con­
s id e r in g  th e  a x ia l  in te r a c t io n s .
th a t  th e  number o f t r a n s fe ra b le  m ethyl groups was h e ld  
c o n s ta n t. Thus, fo r  a mole o f ke to n e , th e re  was in tro d u ced
These experim ents were c a r r ie d  ou t in  such a way
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2 moles o f  (CEL)0Cd or (CH-).,Zn; 4 m oles o f  GLMgX, CfLCdX, 
or GLZnX . Under th ese  c o n d i t io n s  th e  r e a c t io n  can bej
considered to involve dimethylcadmium and not CH^CdOR
(based on the reactivity of dimethylcadmium and methylcyclo-
hexoxycadmium w ith  c y c lo h e x a n o n e ) . The same assum ption  can
53be made r o r  th e  organozinc r e a c t io n s  r e p o r te d .  In  a few  
in s ta n c e s  o l e f i n  form ation  during  g lp c  a n a l y s i s ,  cau sed  by 
the p r e se n c e  o f  cadmium s a l t s ,  was o b serv ed , but th e  amount 
was w e l l  b e low  th e  l e v e l  n e c e s s a r y  to  a f f e c t  the  r a t i o  o f  
a lc o h o ls  (S e e  E xperim enta l)  .
T a b le s  4 -6  c o n ta in  th e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n ,  
and s e v e r a l  g e n e r a l  o b se r v a t io n s  can be noted  from i n s p e c ­
t i o n  o f  th e  T a b le s .
1 . On th e  b a s i s  o f  the v a lu e s  o f  unchanged k eton e  in  
comparable e x p e r im e n ts ,  the  f o l lo w in g  r e a c t i v i t y  s e r i e s  can  
be w r i t t e n :  CH^Li, CH^MgBr )> ( G ^ ^ C d  (G ^ ^ Z n .
CH3 CdX, CH3ZnX.
2. R e a c t i v i t y  o f  th e  r e c o n s t i t u t e d  r e a g e n t  i s  low er  than  
th a t  o f  th e  comparable in  s i t u  r ea g e n t  and found t o  be  
dependent on th e  amount o f  h a l i d e  p r e s e n t .
3. R eagents were more r e a c t iv e  t o  a d d i t io n  when Mgl^ r a th e r  
than MgBr3 was p r e s e n t .
4 .  R e a c t i v i t y  o f  cadmium and z in c  r e a g e n ts  prepared from  
m ethyl l i t h iu m  was n i l .
5 . Monomeric CH3MgX (0 .1  M) g iv e s  more (_Z )-a lcoh o l, r e s u l t ­
in g  from e q u a t o r i a l  a t ta c k ,  than th e  co rresp on d in g  a s s o c i a t e d  
s p e c ie s  ( 0 .8  M ). At the same c o n c e n tr a t io n ,  CH3MgBr shows a 
g r e a te r  p r e fe r e n c e  f o r  e q u a t o r ia l  a t t a c k  than does CEL^Mgl.
By c o n t r a s t ,  th e r e  i s  no a p p r e c ia b le  change in  r e a c t i v i t y  
or s t e r e o c h e m is t r y  when th e  c o n c e n tr a t io n  o f  ( G h ^ C d  ( I , C l )
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i s  in c re a se d  from 0 .4  M to  0 .9  M, or  when th e  c o n c e n tr a t io n  
o f  ( I , C l )  i s  d ecreased  from 0 .3  M t o  0 .1  M.
6 . P re feren ce f o r  a x ia l  a t ta c k  fo llo w s  the  s e r ie s :
(CH3) ?Zn >  (CH3 ) 2 Cd CI^MgX.
7 .  Contrary to  th e  Grignard r e a g e n t s ,  in  a l l  cadmium and 
z in c  rea g en ts  e x c e p t  R^ M ( I , C l ) ,  th e  s t e r e o c h e m is t r y  o f  
a d d it io n  was in d ep en d en t o f  th e  h a lo g e n s  or o f  t h e i r  
so u rce .  For R^ M ( I , C l ) ,  the amount o f  a x i a l  a t t a c k  was 
s i g n i f i c a n t l y  in c r e a s e d  [ (Z ) / (E )  d e c r e a s e d ] .
S . The s t e r e o c h e m is t r y  o f  a d d i t io n  was e s s e n t i a l l y  th e  same
f o r  comparable in  s i t u  and r e c o n s t i t u t e d  r e a g e n t s .
9 .  V a r ia t io n  o f  th e  amount o f  magnesium s a l t  in  th e  r e a g e n t
had l i t t l e  e f f e c t  on the  s t e r e o c h e m is tr y  u n t i l  i t  was
reduced to  one m olar  e q u iv a le n t  r e l a t i v e  t o  k e to n e  (a s
compared to  fo u r  m olar  e q u iv a le n t s  in  th e  in  s i t u  r e a g e n t ) .
The e f f e c t  was m ost pronounced i n  th e  p r io r  c o o r d in a t io n
experim ents and w i t h  magnesium i o d i d e ,  where th e  r e l a t i v e
amount o f  a x i a l  a t t a c k  in c r e a se d  [ ( Z ) / (E )  d e c r e a s e d ] .  See
Tables 5 and 6 .
Three m e c h a n is t ic  pathways must be c o n s id e r e d  f o r
th e  a d d it io n  o f dimethylcadmium  to  4 -t:-b u ty lcy c lo h e xa n o n e :
1) a d d i t io n  o f  th e  Grignard r e a g e n t ,  p r e s e n t  in  sm a ll
c o n c e n tr a t io n  in  th e  r e a c t io n  m ix tu re ;  2) a d d i t io n  o f  the
cadmium r ea g e n t  by way o f  some s i x - c e n t e r  t r a n s i t i o n  s t a t e ;
and 3) a d d i t io n  o f  th e  cadmium r e a g e n t  by means o f  some
f o u r - c e n te r  t r a n s i t i o n  s t a t e .
An im p ortan t c o n s id e r a t io n  in  any mechanism i s  the
degree o f  a s s o c i a t i o n  o f  the  r e a g e n t s .  On th e  b a s i s  o f  
74 75e a r l i e r  work, ’ i t  i s  assumed t h a t  th e  Grignard rea g e n ts  
i n  0 .1  M c o n c e n tr a t io n  and the  cadmium and z in c  r e a g e n ts  in











T a b le  4
R e a c t io n  o f  in  s i t u  O r g a n o m e ta l l ic  R ea g en ts  i n  E th e r  w i t h  4 - j : -B u ty lc y c lo h e x a n o n e
R eagent Concn,M
ctUnchanged k e to n e  (70) ( Z ) -A lc o h o l (% )b ( Z ) / (E)
1 . CH^Mgl 0 . 8 1 5 3 . 8 C 1 . 2
2 . CH3M gI 0 . 1 1 6 1 .7 1 .6
3 . CH^MgBr 0 . 8 1 6 1 . 8 C 1 .6
4 . CI-^MgBr 0 . 1 1 6 8 . 4 2 .2
5 . CII.3L i 0 . 8 1 6 3 . 7C 1 .8
6 . (C II3 ) 2 C d ( I>I ) d 0 . 4 7 . 5 5 1 . 6 e 1 . 1
7 . (CH3 ) 2 C d (B r ,B r ) 0 . 4 50 5 1 . 5 e 1 .1
8 . (C II3 ) 2 C d ( I ,B r ) 0 . 4 5 5 3 . 5 1 .2
9 . (CH3 ) 2 C d ( B r , I ) 0 . 4 5
e5 3 . 1 1 .1
1 0 . (C II3 ) 2 C d (B r ,C l) 0 . 4 55 5 0 . 2 1 . 0
1 1 . (C II3 ) 2 C d (B r ,X )g 0 . 4 89 2 1 .7 0 .2 9
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a r e a  .
=   jQ s e t o n e l -------------------------------------------------   x  1Q0>
a i e a ( k e t o n e )  + a r e a ( (Z )+ (E )  a l c o h o l s )
^ N orm alized  %; 7>(Z) + 7>(E) s 100; Y ie ld  a l c o h o l s  = 100 -  % ketone.
cF or com p arab le  r e s u l t s  a t  s i m i l a r  c o n c e n t r a t i o n s  s e e  R e f .  5 7 .
^H alogens in  p a r e n t h e s e s  i n d i c a t e ,  r e s p e c t i v e l y ,  th e  m eth y l  h a l i d e  from  w hich  RMgX 
was p r e p a r ed  and th e  m e ta l  h a l i d e  u sed  f o r  t h e  exch ange  ( e q .  2 ) .
c Re ■,] t  o f  a t  l e a s t  two s e p a r a t e  runs w i th  a maximum d e v i a t i o n  o f  jr 170.
■^Reaction t im e  was 8 h o u r s ,  and 3 m olar  e q u i v a l e n t s  o f  z i n c  r e a g e n t  w ere u s e d .
S'illF a s  s o l v e n t .













T a b le  5
Reaction of"Reconstituted" Dimethylzinc and -Cadmium Reagents with
ft
4-t-Butylcyclohexanone (1 Molar Equiv.) in Ether
Molar Equlv.
R e a g e n t  ( c o n c n ) S a l t U nchanged  k e t o n e (%) ( Z ) - A l c o h o l (%) i H /  ( 1 1
1 . 2(CH3 ) 2Cd(0.4M) 8 MgBi'2 66 5 2 . 4 b 1 . 1
2 . 2(CH3 ) 2 Cd(0.4M) 4 MgBr2 68 5 2 -6 b 1 . 1
3 . 2(CII3 ) 2 Cd(0.4M) 2 MgBr2 67 5 1 . 5b 1 . 1
4 . 2(CII3 ) 2 Cd(0.4M) 1 MgBi'2 80 5 0 . l b 1 . 0
5 . 2(CH3 ) 2 Cd(0.4M) 2 M gl2 60 5 0 . 4 1 . 0
6 . 2(CH3 ) 2 Cd(0.4M) 1 Mgl2 75 4 4 . 2b 0 .7 9
7 . 2(CH3 ) 2 C d (0 . lM ) 2 M gl2 75 5 3 . 5 1 .2
8 . 2(CH3 ) 2 Cd(0.4M) 2 M gl2 -I- 2 MgF? 76 4 9 . 8 0 .9 9
9 . 2(CH3) 2Z n ( 0 .3 M ) C 4 M gl2 67 4 5 . 2 0 .S 3
1 0 . 2(CII3 ) 2 Zn(0 .3M) 2 Mgl2 80 4 6 . 6 0 .8 7











a Columns 3 ,  4 ,  and 5 d e fin e d  as i n  T a b le  4..
^ R e s u l t s  o f  a t  l e a s t  two s e p a r a t e  r u n s  w i t h  a maximum d e v i a t i o n  o f  -  IX. 












T a b le  6
Reaction of "Purified" Dimethylzinc and -Cadmium Reagents in Ether with
£
4 - t ; - B u t y l c y c l o h e x a n o n e  (1  m o l a r  E q u iv . )* M g X 2 
M o la r  E q u i v ._________
R e a g e n t  ( c o n c n ) Scl i t U nchanged  k e t o n e (%) ( Z ) - A l c o h o l  r-' ' ' il1 L ( H
1 . 2(CH3 ) 2 Cd(0.4M) 8 MgBr2 47 5 1 . 7 i . i
2 . 2 ( CHs ) 2 Cd( ° . 4M) 4 MgBr2 66 5 2 .1 i . i
3 . 2(CH3 ) 2 Cd(0.4M) 2 MgBr2 66 4 9 . 1 0 .9 7
4 . 2(CH3 ) 2 Cd(0.4M) 1 MgBr2 87 4 6 . 8b 0 . 8 8
5 . 3 .6 (C H 3 ) 2 Cd(0.4M) 2 MgBr2 62 5 0 . 0 1 . 0
6 . 2(CH3 ) 2Cd(0.4M) 2 M gl2 50 5 2 . 8 1 . 1
7 . 2(CH3 ) 2 Cd(0.4M) 1 Mgl2 71 3 7 . 5b 0 . 6 0
8 . 2(CH3 ) ? Z n ( 0 .3 M ) c 4 Mgl2 60 47 .3 0 . 9 0
9 . 2(CH3 ) 2Zn(0 .3M) 2 MgX2 66 4 6 . 7 0 .8 8
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0 . 3 - 0 . 4  M c o n c e n t r a t i o n s  a r e  m onomeric ,  w h i l e  t h e  0 .8  M 
s o l u t i o n s  o f  G r ig n a r d  r e a g e n t s  a r e  p o l y m e r i c .  Magnesium 
h a l i d e s  p r e s e n t  i n  th e 'c a d m iu m  o r  z i n c  r e a g e n t s  ( 0 . 6 - 0 . 8  M) 
a re  u n d o u b te d ly  p o l y m e r i c .
The r e a g e n t s  were  p r e p a r e d  from th e  G r ig n a rd  r e a g e n t  
a c c o r d i n g  t o  t h e  s t o i c h i o m e t r y  r e p r e s e n t e d  i n  e q .  25.  
A l though  i t  car. be  a rg u e d  t h a t  RMgX m ig h t  be p r e s e n t  by 
r e v e r s a l  o f  e q .  25 ,  t h i s  i s  c o n t r a r y  t o  t h e  g e n e r a l  o b s e r v a -
2 RMgX + MX9 -> R2M + 2MgX2 (25)
t i o n  t h a t  a m e t a l - m e t a l  exchange  b e tw een  o r g a n o m e t a l l i c
and m e t a l  s a l t  p r o c e e d s  i n  t h e  d i r e c t i o n  o f  f o r m a t i o n  o f
th e  l e s s  r e a c t i v e  o r g a n o m e t a l l i c . ^
Q u a l i t a t i v e  t e s t s  s u p p o r t  t h e  c o n c l u s i o n  t h a t
G r ig n a rd  r e a g e n t  i s  p r e s e n t  i n  v e r y  low c o n c e n t r a t i o n  i f
a t  a l l .  The f a m i l i a r  Gilman c o l o r  t e s t ^  f o r  RMgX was
n e g a t i v e  i n  e v e r y  e x p e r i m e n t .  The c h a r a c t e r i s t i c  c o l o r
o f  a  c h a r g e - t r a n s f e r  complex b e tw e e n  e i t h e r  2 , 2 ’ - b i q u i n o -
45l i n e  o r  1 , 1 0 - p h e n a n t h r o l i n e  and G r i g n a r d  r e a g e n t  was n o t
o bse rv ed  w i t h  o u r  r e a g e n t s .  The i n c r e a s e d  r e a c t i v i t y  o f
cadmium and  z i n c  r e a g e n t s  i n  t h e  p r e s e n c e  o f  magnesium
h a l i d e  would be c o m p a t i b l e  w i t h  a t t a c k  by t h e  G r ig n a r d
r e a g e n t .  Our s t e r e o c h e m i c a l  r e s u l t s ,  however ,  do n o t
s u p p o r t  t h i s  mechanism .  I n s p e c t i o n  o f  t h e  T a b l e s  r e v e a l s
t h a t  b o t h  cadmium and z i n c  r e a g e n t s  l e a d  t o  more ( E ) - a l c o h o l
cga
( l e s s  t h e r m o d y n a m ic a l ly  s t a b l e ) , " 1 a r e s u l t i n g  from a x i a l  
a t t a c k ,  t h a n  do t h e  G r ig n a r d  r e a g e n t s  a t  low c o n c e n t r a t i o n .  
I n d e e d ,  t h e  z i n c  r e a g e n t s ,  i n  a l l  b u t  one c a s e ,  gave 
( E ) - a l c o h o l  a s  t h e  m a jo r  p r o d u c t .  The l e v e l i n g  e f f e c t
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of  7o ( Z ) - a l c o h o l  w i t h  i n c r e a s i n g  MgBr^ c o n c e n t r a t i o n  i n  
T ab les  5 and 6 would n o t  be e x p e c te d  i f  t h e  a d d ed  s a l t  were 
s h i f t i n g  e q .  2 t o  t h e  l e f t .  Even more c o n v i n c i n g  i s  t h e  
f a c t  t h a t  H o u l i h a n ‘S  o b s e r v e d  t h a t  a d d i t i o n  o f  MgX? t o  th e  
G r ig n a rd  r e a g e n t  r e s u l t e d  i n  more e q u a t o r i a l  a t t a c k .  I t  
would be e x p e c t e d ,  t h e r e f o r e ,  t h a t  t h e  G r i g n a r d  p ro d u c e d  
by r e v e r s a l  o f  e q .  25 s h o u ld  produce  more e q u a t o r i a l  
a t t a c k  t h a n  s e e n  i n  t h e  G r ig n a r d  r e a c t i o n s ,  b e c a u s e  o f  
the  e x c e s s  MgX.-, w hich  would be  p r e s e n t .  T h is  i s  j u s t  
t h e  e x a c t  o p p o s i t e  o f  what  i s  observed  (more a x i a l  a t t a c k ) .
I f  R^M i s  t h e  a t t a c k i n g  r e a g e n t ,  i t  m i g h t  be
in v o lv e d  i n  a  s i x - c e n t e r  o r  f o u r - c e n t e r  t r a n s i t i o n  s t a t e ,
77by a n a l o g y  w i t h  sys te rns  a l r e a d y  s t a c k e d .  Thus ,  Ashby 
o b t a i n e d  k i n e t i c  e v id e n c e  c o n s i s t e n t  w i t h  t h e  s i x - c e n t e r  
t r a n s i t i o n  s t a t e  26 a ,  which  h ad  been p r o p o s e d  p r e v i o u s l y  
f o r  th e  r e a c t i o n  o f  RMgX w i t h  k e to n e .  An a n a l o g o u s  
t r a n s i t i o n  s t a t e  26b,  a s  w e l l  as  o t h e r s ,  c a n  e a s i l y  be 
v i s u a l i z e d  f o r  cadmium and z i n c  r e a g e n t s ,  MgX2 b e i n g  an 
im p o r t a n t  p a r t  o f  t h e  s t r u c t u r e .
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On t h e  o t h e r  hand,  s im p le  b i m o l e c u l a r  k i n e t i c s
78have b e e n  o b s e r v e d  by House f o r  t h e  a d d i t i o n  o f  s a l t -  
f r e e  dime t h y  lmagnes ium to  b e n zo p h e n o n e  i n  e t h e r .  These 
r e s u l t s  h a v e  b e e n  i n t e r p r e t e d  a s  s u p p o r t  f o r  a f o u r - c e n t e r  
t r a n s i t i o n  s t a t e  27a i n v o l v i n g  a p e n t a c o o r d i n a t e  magnesium. 
A s i m i l a r  s t r u c t u r e  f o r  cadmium and  z i n c  r e a g e n t s  i s  shown 
i n  27b ( s o l v e n t  m o le c u le s  a r e  o m i t t e d  f o r  s i m p l i c i t y ) .
R" R’1^
C Z =  0  .C  =  0
R« | | R> ;
| i  ! I
I I  ! I
R   Mg R   Cd(Zn)
R' R  x
(2 7 )
The c h o i c e  be tween  t r a n s i t i o n  s t a t e s  26b and 27b,  
b a sed  on o u r  r e s u l t s  r e p o r t e d  h e r e ,  i s  a  s u b t l e  o n e .  The 
a c t i v a t i n g  e f f e c t  o f  magnesium s a l t s  would  be a c c o u n te d  
f o r  by a s i x - c e n t e r  p r o c e s s  i n v o l v i n g  magnesium h a l i d e ,  
w h i l e  i t  c o u l d  n o t  be  accommodated i n  a  s im p le  f o u r - c e n t e r  
mechanism i n v o l v i n g  on ly  cadmium o r  z i n c  r e a g e n t .  The 
p ronounced  t e n d e n c y  o f  cadmium a n d ,  e s p e c i a l l y ,  z i n c  
to  fo rm  s t a b l e  complexes w i t h  o x y g e n ,  how ever ,  l e a d s
one t o  q u e s t i o n  t h e  l i k e l i h o o d  o f  t r a n s i t i o n  s t a t e  26b.
62I n  a c c o r d  w i t h  F e l k i n ’s s u g g e s t i o n ,  i t  i s  r e a ­
s o n a b le  t o  c o n s i d e r  r e a c t a n t - l i k e  r a t h e r  t h a n  p r c d u c t - l i k e  
t r a n s i t i o n  s t a t e s .  This  i s  s u p p o r t e d  i n  o u r  work by t h e  
f a c t  t h a t  a  d e c r e a s e  i n  r e a c t i v i t y  o f  r e a g e n t  b e c a u s e  o f  
a v a r i a t i o n  o f  h a l i d e  p r e s e n t  g e n e r a l l y  i s  n o t  acco m p an ied  
by any  c h an g e  i n  s t e r e o c h e m i s t r y .  I n  f a c t ,  t h e  l e s s  
r e a c t i v e  z i n c  r e a g e n t  t y p i c a l l y  l e a d s  t o  more of  th e  l e s s
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s t a b l e  ( E ) - a l c o h o l .  (See T ab le  4 ) .
We c a n  c o n c l u d e  t h a t  s t e r i c  i n t e r f e r e n c e  t o  a x i a l
a t t a c k  i s  d im in ish e d  in  both Cd and Zn r e a c t i o n s , as
compared t o  Mg r e a c t i o n s .  Because  t h e  a l k y l  g roup has
rem ained  th e  same ( m e th y l  t h r o u g h o u t ) , t h i s  l o w e r in g  o f
s t e r i c  i n t e r f e r e n c e  c a n  be e x p l a i n e d  a s  a r i s i n g  from a
72t i g h t e r  t r a n s i t i o n  s t a t e  f o r  Cd and Zn. I f  one compares 
two s i x - c e n t e r  t r a n s i t i o n  s t a t e s  f o r  Mg(X=Br) and Cd(X=I), 
t h e  fo rm e r  s h o u l d  be  t i g h t e r  on t h e  b a s i s  o f  r e l a t i v e  m e t a l  
and  h a lo g e n  c o v a l e n t  bond d i s t a n c e s .  I t  would f o l lo w  t h a t  
t h e  r e a c t i o n  w i t h  Mg shou ld  l e a d  t o  more a x i a l  a t t a c k ,  which  
i s  e x a c t l y  t h e  r e v e r s e  o f  what i s  o b s e r v e d .  On th e  o t h e r  
h a n d ,  i f  t h e  Cd ( a n a  p resum ab ly  Zn) r e a c t i o n s  were p r o ­
c e e d in g  t h r o u g h  f o u r - c e n t e r  t r a n s i t i o n  s t a t e s ,  t h e s e  s h o u ld  
be  t i g h t e r  and  l e a d  t o  more a x i a l  a t t a c k ,  a s  i s  t h e  c a s e .
The g r e a t e r  p r e f e r e n c e  f o r  a x i a l  a t t a c k  by  Zn o v e r  Cd i s  
c o n s i s t e n t  w i t h  e x p e c t e d  m e ta l - o x y g e n  bond  d i s t a n c e s ,  t h e  
s h o r t e r  Zn-0 bond  g i v i n g  r i s e  t o  a  t i g h t e r  t r a n s i t i o n  s t a t e  
27b, when M=Zn.
The s t e r e o c h e m i s t r y  o f  a d d i t i o n  o f  RMgX i s  s e n s i t i v e  
t o  changes  i n  c o n c e n t r a t i o n  o f  r e a g e n t ,  a s  i s  e v i d e n t  f rom 
T a b le  4. I f  t h e  a d d i t i o n  o f  cadmium an d  z i n c  r e a g e n t s  were  
t o  i n v o lv e  a s i m i l a r  t r a n s i t i o n  s t a t e  26b c o n t a i n i n g  M g ^ ,  
one m igh t  e x p e c t  a  s i m i l a r  e f f e c t .  I n  f a c t ,  t h e  s t e r e o ­
c h e m i s t r y  o f  a d d i t i o n  o f  b o th  cadmium and  z i n c  i n  s i t u  
r e a g e n t s  i s  i n d e p e n d e n t  of  c o n c e n t r a t i o n  c h a n g e s ,  in
7 4
r a n g e s  where  t h e  a s s o c i a t i o n  o f  MgX2 i s  c h a n g in g  d r a s t i c a l l y .
F o r m a t i o n  o f  t r a n s i t i o n  s t a t e  26b m ig h t  be f a c i l i t a t e d  
by  p r i o r  c o o r d i n a t i o n  o f  th e  k e to n e  w i t h  MgX9 . No change i n  
s t e r e o c h e m i s t r y  i s  o b se rv e d  i n  t h e  p r i o r  c o o r d i n a t i o n
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experim ents (T a b le  6) u n t i l  the amount o f MgT^ is  reduced
to  one m olar e q u iv a le n t p e r  e q u iv a le n t o f k e to n e , however.
The change is  tow ard more a x ia l  a t ta c k , th e  opposite ' o f the
tre n d  in  d i lu t io n  o f th e  G rignard  re a g e n t.
The a c t iv a t in g  e f f e c t  on R^M by a d d it io n  o f MgX2
may be ascrib e d  to  a c t iv a t io n  o f the ketone a n d /o r  the
o rg a n o m e ta llic  through c o o rd in a tio n  w ith  magnesium s a l t .
14In f ra re d  evidence has been obtained f o r  th e  ex is ten ce  







R = CH3 , C2H5 , C4H9
The s u p e r i o r  r e a c t i v i t y  o f  t h o s e  r e a g e n t s  c o n t a i n i n g
magnesium i o d i d e  r a t h e r  t h a n  bromide i s  i n  a c c o r d  w i t h  th e
e l e c t r o n e g a t i v i t y ,  i . e . , t h e  e l e c t r o n  d o n a t o r  a b i l i t y  o f  t h e
h a l i d e .  Lack o f  r e a c t i v i t y  o f  RMX and o f  R^M d e r i v e d  from
l i t h i u m  r e a g e n t s  may r e f l e c t  t h e  lowered  t e n d e n c y  o f  RMX
o r  o f  m o n o d en ta te  l i g a n d s  (LiX) to  form e l e c t r o n - d o n o r  
12c o m p lex e s .
The s e q u e n c e  o f  s t e p s  shown i n  29 i s  c o n s i s t e n t  
w i t h  r e s u l t s  b e i n g  r e p o r t e d  h a r e .  Thus,  b o t h  k e to n e  and 
R2M a re  s u b s t a n t i a l l y  a s s o c i a t e d  w i th  MgX2 (2 9 a  and 2 9 b ) .
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The fo u r -c e n te r  t r a n s i t io n  s t a t e ,  w r it te n  fo r  e q u a to r ia l
a t ta c k , s t i l l  con ta ins  s t ro n g ly  assoc iated  MgX9 . W ith
re fe re n ce  to  th e  c o o rd in a tio n  number of the c e n tra l  m eta l
atom i n  29c,  s e v e r a l  p r e c e d e n t s  a r e  known f o r  t h e  o c t a h e d r a l
79c o n fig u ra tio n  o f o rg an o zin cs . On the o th er hand, House 
has re c e n tly  p o in te d  to  the p o s s ib i l i t y  o f a p e n ta co o rd in a te  
magnesium species in  a d d it iv e  re a c tio n s  o f dimethylmagnesiunu  
The c o o rd in a tio n  number in  29c  may be d i f f e r e n t  fo r  th e  two 
m eta ls , fo r  i t  is  known th a t  cadmium e x h ib its  a g re a te r
g













\ Me? * * o
0MCH3 -MgX9
CH0
M -  Cd, Zn
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The m echanism  i n  29 can  be u s e d  t o  e x p l a i n  t h e  
i n c r e a s e  i n  a x i a l  a t t a c k  w i th  one e q u i v a l e n t  o f  magnesium 
h a l i d e  ( T a b le s  5 and 6 ) .  Under t h e s e  c o n d i t i o n s  t h e r e  i s  
i n s u f f i c i e n t  magnesium h a l i d e  t o  c o o r d i n a t e  w i t h  t h e  
c a rb o n y l  and R.?M i n d e p e n d e n t l y ,  and t i g h t e n i n g  of  t h e  
MgX9- d e f i c i e n t  t r a n s i t i o n  s t a t e  i s  a p p a r e n t l y  th e  ou tcom e.  
This  c o u ld  a r i s e  by a  s h o r t e n i n g  o f  t h e  M-0 bond o r  by a 
s im u l t a n e o u s  c o o r d i n a t i o n  o f  MgX2 w i t h  c a r b o n y l  and th e  
m e t a l ,  a s  r e p r e s e n t e d  i n  t h e  f o l l o w i n g  s t r u c t u r e .  I n  
bo th  s e t s  o f  e x p e r i m e n t s  ( T a b le s  5 and  6) i t  i s  n o ted
t h a t  Mgl9 c a u s e s  a g r e a t e r  amount o f  a x i a l  a t t a c k  t h a n  Mg3r9 ,
81in  a c c o r d  w i t h  t h e  s t r o n g e r  Lewis a c i d  c h a r a c t e r  o r  M g ^  
and t h e  r e s u l t i n g  s t r o n g e r  complex .  The in v o lv e m en t  o f  
s t r u c t u r e s  s u c h  a s  29c and 30 m ust  e v e n t u a l l y  be i n v e s t i g a t e d  
by k i n e t i c  e x p e r i m e n t s .
The d i f f e r e n c e  in  s t e r e o c h e m i s t r y  o bse rv ed  w i t h  
0 .8  M and 0 . 1  M G r ig n a r d  r e a g e n t s  ( T a b l e  4)  s u g g e s t s  a 
t i g h t e r  s i x - c e n t e r  t r a n s i t i o n  s t a t e  2 6 a  f o r  t h e  a s s o c i a t e d  
r e a g e n t s  (more a x i a l  a t t a c k ) . I t  i s  n o t e w o r t h y  t h a t  o u r  
s t e r e o c h e m i c a l  r e s u l t s  w i th  0 .1  M CH^MgBr i n  e t h e r  a r e
c lo s e  t o  t h o s e  o b t a i n e d  f o r  1 M THF s o l u t i o n s ,  which a r e
, . 74a l s o  m onom eric .
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Dependency o f  the  s t e r e o c h e m is tr y  on the  halogen
p resen t  can be e x p la in e d  by c o n s id e r a t io n  o f  the  a s s o c i a t i o n .
I f  we assume t h a t  m eth y l magnesium bromide i s  l e s s  h ig h ly
a s s o c ia t e d  than  m eth y l magnesium i o d i d e ,  a s  i s  the case
3 9f o r  the co rresp o n d in g  e th y l reag en ts . ~ we should p re d ic t  
more a x ia l  a t ta c k  w ith  m ethyl magnesium io d id e . This is  
indeed the  case .
Because o f  th e  p o s s i b i l i t y  o f  r e d u c t io n  and a d d i­
t i o n  in  th e  r e a c t i o n  o f  d i-n-propylcadm ium  and 4 -_ t -b u ty lc y c lo -  
hexanone, i n v e s t i g a t i o n s  in to  the  s t e r e o c h e m is t r y  of the  
products was u n d e rta k en . I n i t i a l  g lp c  exp er im en ts  in d ic a t e d  
th a t  the s t e r e o c h e m is t r y  of -the a d d i t io n  and r ed u c tio n  p ro ­
ducts  cou ld  be d eterm in ed  under one s e t  o f  experim en ta l  
c o n d i t i o n s .
OH
0
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The r e a c t io n  was a g a in  c a r r ie d  ou t w i t h  two molar 
e q u iv a le n ts  o f  a i-n~propylcadm ium  to  one o f  k e to n e .  O le f in  
form ation  in  th e  chrom atographic  a n a l y s i s ,  due to  the  
p r e sen ce  o f  cadmium s a l t s ,  in d ic a te d  th a t  th e  3° a d d i t io n  
a l c o h o l s  were more s e n s i t i v e  to  d eh yd ra tion  than th e  2° 
r e d u c t io n  a l c o h o l s .  By a d d i t io n  o f  anhydrous benzene to  
th e  sample, as d e s c r ib e d  in  the E x p er im en ta l,  th e  s a l t s  
cou ld  be removed and t h e  o l e f i n  form ation  e l i m in a t e d .  The 
r e s u l t s  are record ed  i n  Table 7.
S evera l g e n e r a l  o b se r v a t io n s  can be s e e n  from  
in s p e c t io n  o f  th e  T a b le .
a .  As observed in  t h e  r e a c t io n  o f  dim ethylcadm ium  and
4 -_ t-b u ty lc y c lo h ex a n o n e , th e  reagen ts  are  more r e a c t i v e  
when io d id e  io n  i s  p r e s e n t .
b . The s t e r e o c h e m is tr y  o f  th e  r e d u c t io n  p r o d u c ts  in  the  
Grignard r e a c t io n s  i s  dependent on th e  h a lo g e n  p r e s e n t .
c .  The r a t i o  o f  a d d i t i o n / r e d u c t i o n  f o l l o w s  t h e  o r d e r :
Cd Mg Zn.
d. The amount o f  ( E ) - r e d u c t io n  a l c o h o l ,  r e s u l t i n g  from 
a x i a l  a t ta c k ,  d e c r e a s e s  in  th e  order: Mg Cd Zn.
e .  The s t e r e o c h e m is t r y  o f  th e  a d d i t io n  or r e d u c t io n  pro­
d u cts  in  the Grignard r e a c t io n s  i s  in d ep en d en t o f  con cen tra ­
t io n ;  however, th e  r a t i o  o f  a d d i t io n /r e d u c t i o n  i s  a f f e c t e d .
f .  The amount o f  (Z) - a d d i t i o n  prod u ct, r e s u l t i n g  from 
e q u a t o r ia l  a t t a c k ,  i s  dependent on th e  h a lo g e n  i n  the  
cadmium and z in c  r e a c t i o n s ,  but independent i n  th e  Grignard  
r e a c t i o n s .
g .  The s t e r e o c h e m is t r y  o f  th e  r e d u c t io n  p r o d u ct  i s  
independent o f  h a lo g e n  in  th e  cadmium s e r i e s .











T ab le 7
R e a c t i o n  o f i n  s i t u  D i -n -p ro p y lc a d m iu m  and - z i n c  R ea g en ts  w i t h  4-jt- E u t y l c y c l o h e x a n o n e . ^
R e a g e n t ^ ’ 0
7 7h aUnchanged Ketone R e d u ct io n
%
A d d i t i o n 61 (E)
7o % 
- R e d u c t io n  ( Z ) - A d d i t i o n
R a t i o
Add/Red
PrMgBr ( 0 . 8  M) 1 . 0 3 1 . 4 6 8 . 6 9 4 . 9 6 9 . 8 2 . 2
PrMgRr ( 0 . 1  M) 0 . 8 3 9 . 6 6 0 . 4 9 5 . 3 7 0 .  6m 1 . 5
PrMgl ( 0 . 8  M) 4 . 0 3 1 . 2 6 8 . 8 8 7 . 2 6 9 . 0 2 . 2
Pr2Cd
( 1 , 1 ;  0 . 4  M)
1 1 . 1 1 2 . 3 8 7 .7 7 1 . 8 5 5 .  l m 7 . 3
Pr^Cd
( 1 ,C 1 ;  0 . 4  M)
1 9 . 1 8 . 6 9 1 . 4 6 9 .7 6 2 .9 1 0 . 4
P r ? Cd
(T.,“B»; 0 . 4  M)
2 1 .9 9 . 1 9 0 . 9 7 1 . 9 g 5 8 . 4 1 0 . 0
Pj^Cd1
( B r , Br; 0 . 4  M)
6 2 . 7 9 . 7 9 0 . 3 7 3 .7 7 6 . 8 9 . 4
P r ?Zn
( 1 , 1 ;  0 . 3  M)












% , 7o a % 7, % R a t i o
Reage n t  , e  Unchanged K e t o n e 1 R e d u c t io n  Add i t  .ion ( E ) - R e d u c t i o n  (Z ) - -A d d i t io n  A d d /R ed .
P r 2Zn
f , j( I , B r ; 0 . 3  M) 7 8 . 0  4 3 . 3  5 6 . 7  4 8 . 4  ’ J 5 9 . 0  1 . 3
P r 2 Zn
( B r , Br; 0 . 3  M) 8 7 . 4  6 8 . 6  3 1 . 4  1 9 . 4J 7 0 . 5  0 . 4 6
^ N orm alized  y i e l d s :  % A d d i t i o n  -!- % R e d u c t io n  = 1007,
^N orm alized  y i e l d s :  7, ( E ) - R e d u c t i o n  -I- 7, ( Z ) - R e d u c t i o n  = 1007,
c N o r m a l iz ed  y i e l d s :  % (E.) - A d d i t i o n  -I- % ( Z ) - A d d i t i o n  = 1007
^ R e a c t io n s  were run w i t h  4 m olar  e q u i v a l e n t s  o f  Pr^Zn and a r e  r e p o r t e d  from R e f .  53 .  
e Rear i o n s  were run w i t h  2 m olar  e q u i v a l e n t s  o f  Pr^Cd.
•^ E q u i l i b r a t i o n  o f  e p i m e r ic  r e d u c t i o n  p r o d u c t s  n o t e d .
&No equilibration of epimeric reduction products was noted.
‘^Valuer; of % unchanged ketone were reproducible within 1‘ 57, in separate reaction runs, 
xValues are averages of at least two experiments with deviation of 1" 27o.












^V a lu es  were d e te r m in e d  from n o t  l e s s  th an  t h r e e  g l p c  i n j e c t i o n s  p e r  r e a c t i o n  run;  
d e v i a t i o n  t  2% f o r  glpc. i n j e c t i o n s .
■*The v a l u e  was unchanged when a m ix t u r e  o f  b e n z e n e - e t h e r  ( 2 : 1 )  was used as  s o l v e n t .
mS i n g l e  r e a c t i o n  run.
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A ccord ing  to  F e l k i n ' s  model f o r  a d d i t i o n  t o  
cyclohexanone,  t h e  t o r s i o n a l  e f f e c t s  r e s u l t i n g  from 
e q u a t o r ia l  a t t a c k  a r e  supposed ly  i n s e n s i t i v e  t o  the  
bulk o f  the  a t t a c k i n g  s p e c i e s .  T h e r e fo r e ,  changing the  
a t t a c k i n g  group from methyl to  p r o p y l  i s  not  ex p e c ted  
to  a f f e c t  th e  t o r s i o n a l  s t r a i n  s u b s t a n t i a l l y .  However,  
the a x i a l  s t e r i c  i n t e r a c t i o n  should  d e f i n i t e l y  change .  
Because o f  the  in c r e a s e d  s t e r i c  i n t e r a c t i o n  o f  the  
propyl  group compared to  the m ethyl  group, i t  would 
be expected  t h a t  l e s s  a x i a l  a t t a c k  would be -observed.
A c o m p ar ison  o f  t h e  r e s u l t s  w i t h  s i m i l a r  m e th y l  and 
p r o p y l  r e a g e n t s  ( T a b le s  4 and 7 ,  r e s p e c t i v e l y )  shows 
t h a t  more a x i a l  a t t a c k  d i d  i n d e e d  o c c u r  w i t h  t h e  m e th y l  
r e a g e n t s .  Even more s t r i k i n g  i s  t h e  f a c t  t h a t  i n  no 
c a se  was a x i a l  a t t a c k  p r e f e r r e d  o v e r  e q u a t o r i a l  a t t a c k  
w i th  t h e  p r o p y l  r e a g e n t s .  T h is  i s  t h e  c o n v e r s e  t o  t h e  
c a se  f o r  t h e  m e t h y l z i n c  r e a g e n t s ,  f o r  which  e q u a t o r i a l  
a t t a c k  was n e v e r  t h e  p r e f e r r e d  d i r e c t i o n .
One e x c e p t i o n  to  t h e s e  o b s e r v a t i o n s  can be n o te d .  
The per  c e n t  a x i a l  a t t a c k  f o r  mathylmagnesium bromide  
( 0 . 1  M) and propylmagnesium bromide ( 0 . 1  M and 0 .8  M) 
were i d e n t i c a l  w i t h i n  exper im en ta l  e r r o r .  This  seems 
to  i n d i c a t e  t h a t  th e r e  i s  v e ry  l i t t l e  d i f f e r e n c e  i n  a x i a l  
s t e r i c  i n t e r a c t i o n s  f o r  t h e s e  two r e a g e n t s .  I t  i s  i n t e r ­
e s t i n g  t o  n o te  t h a t  methylmagnesium bromide ( 0 . 8  M) d id  
g iv e  more a x i a l  a t t a c k  than e i t h e r  o f  the  propylmagnesium  
bromide r e a g e n t s .
The e f f e c t  o f  ha lo g en  on th e  s t e r e o c h e m i s t r y  o f  
a d d i t i o n  was s t r i k i n g l y  d i f f e r e n t  f o r  e t h y l  and p r o p y l
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r e a g e n t s .  The independence  o f  th e  propyl  Grignard r e a c t i o n  
to  h a lo g e n  might have some m e c h a n i s t i c  i m p l i c a t i o n s .  The 
dependency on h a lo g e n  and c o n c e n t r a t i o n  noted in  the  m ethyl  
Grignard r e a c t i o n  was e x p la in e d  by c o n s i d e r a t i o n  o f  a br idged  
s i x - c e n t e r  t r a n s i t i o n  s t a t e .  The independence o f  the  propyl  
Grignard r e a c t i o n  on h a lo g e n  and c o n c e n t r a t i o n  might  
i n d i c a t e  t h a t  b r i d g i n g  does not  occur  or i s  much weaker  
in  the  t r a n s i t i o n  s t a t e .
r e a c t i o n s ,  th e  r e s u l t s  w i t h  th e  propy l  cadmium and z in c  
reag e n ts  i n d i c a t e  t h a t  th e r e  was an e f f e c t  o f  h a lo g e n  on 
the  s t e r e o c h e m i s t r y  o f  the  a d d i t i o n  r e a c t i o n .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  i n  th e  propylcadmium ( I ,X )  
r e a c t i o n s ,  th e  % ( Z ) - a d d i t i o n  ( e q u a t o r i a l  a t t a c k )  i n c r e a s e s  
as the e l e c t r o n e g a t i v i t y  o f  X i n c r e a s e s  ( I  Br C l ) . 
When i o d i d e  was n o t  p r e s e n t  i n  th e  system  ( B r ,B r ) ,  th e  
% ( Z ) - a d d i t i o n  in c r e a s e d  s h a r p l y .  This  i n d i c a t e s  t h a t  
in  the  (B r ,B r)  sy s tem ,  and when X i s  v a r i e d  i n  t h e  p r e se n c e  
o f  i o d i d e ,  th e  a x i a l  s t e r i c  i n t e r a c t i o n s  i n c r e a s e ,  r e l a t i v e  
to  the  c a s e  where ( 1 , 1 )  r ea g e n t  i s  employed.
C onsider  th e  s i x -  and f o u r - c e n t e r  t r a n s i t i o n  s t a t e s  
f o r  a x i a l  a d d i t i o n  drawn below.
In  c o n t r a s t  t o  the  o b s e r v a t io n s  noted in  the methyl
( 3 2 )
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I n c r e a s i n g  the e l e c t r o n e g a t i v i t y  o f  X (from I  to  
Br) in  the s i x - c e n t e r  t r a n s i t i o n  s t a t e  cou ld  be expected  
to  make the  r in g  t i g h t e r  because  o f  the  d e c re a se  in  atom ic  
s i z e  o f  Br compared to  I .  However, i n c r e a s i n g  the  e l e c t r o ­
n e g a t i v i t y  o f  X a l s o  d e c r e a se s  th e  e l e c t r o n - d o n a t o r  a b i l i t y  
and could be e x p e c ted  to  reduce th e  e x t e n t  o f  b r id g in g  in  
the t r a n s i t i o n  s t a t e .  Because t h e s e  two c o n s i d e r a t io n s  
would lea d  t o  opposing  s t e r e o c h e m i s t r y  ( M a r s h a l l ' s  m odel) ,  
i t  i s  i m p o s s ib l e  t o  p r e d i c t  the  e f f e c t  o f  h a lo g e n  on the  
t r a n s i t i o n  s t a t e .
I n c r e a s i n g  the  e l e c t r o n e g a t i v i t y  o f  X i n  the f o u r -  
c en te r  p r o c e s s  tends  t o  make the  cadmium atom more p o s i t i v e ,  
thus t i g h t e n i n g  t h e  cadmium-oxygen bond. At f i r s t  g l a n c e ,  
M a r sh a l l ' s  model p r e d i c t s  t h a t  t h i s  would produce more 
a x i a l  a t t a c k .  C o n s id e ra t io n  o f  models i n d i c a t e s  th a t  
s t e r i c  i n t e r a c t i o n  between th e  a x i a l  hydrogens and the  
p-hydrogens o f  the  propyl  group cou ld  o c c u r .  The models 
i n d i c a t e  t h a t  t h i s  i n t e r a c t i o n  would i n c r e a s e  as the  
t r a n s i t i o n  s t a t e  i s  t i g h t e n e d ;  and, b e ca u se  o f  t h i s  
in c r e a s e  i n  a x i a l  i n t e r a c t i o n ,  more e q u a t o r i a l  a t t a c k  
would r e s u l t .  This  e f f e c t  cou ld  a l s o  be ex p e c ted  in  
t i g h t e n i n g  o f  th e  s i x - c e n t e r  t r a n s i t i o n  s t a t e .  A d i s t i n c ­
t i o n  between t h e s e  two mechanisms seems im p o s s ib l e  w ith  
the data  o b t a in e d  thus f a r .
By examining the  s i x - c e n t e r  t r a n s i t i o n  s t a t e  f o r  
a x i a l  r e d u c t i o n ,  one can e s t i m a t e  i t s  r e l a t i v e  s i z e  by  
means o f  M a r s h a l l ' s  model .  Based on t h e  M-C bond d i s t a n c e s  
in  s i m i l a r l y  r e l a t e d  o r g a n o m a t a l l i e s  [C^H^MgBr, (CHo).7Mg, 
(CHp^Zn, ana C2 H ^ Z n I ] ,^  i t  i s  e x p e c ted  t h a t
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the Mg and Zn m eta l  to  carbon (M-C) bond d i s ta n c e s  would  
be q u i t e  s i m i l a r  (Zn p o s s i b l y  s m a l l e r )  . The Cd-C bond 
d i s t a n c e  i s  e x p e c ted  to  be l o n g e r .  As the M-C bond 
d i s t a n c e  i n c r e a s e s ,  M a r s h a l l ’s model p r e d ic t s  th a t  the  
a x i a l  s t e r i c  i n t e r a c t i o n s  i n c r e a s e .  This  would p r e d i c t  
th a t  e q u a t o r i a l  a t t a c k  should  be  r e l a t i v e l y  fa v o r a b le  
in  cadmium r e d u c t i o n ,  and t h i s  i s  borne out by e x p e r im e n ta l  
o b s e r v a t i o n .  However, the  v a l u e s  f o r  the  p ro p y lz in c  r e a c t i o  
are q u i t e  an om a lo u s .
B eca u se  e q u i l i b r a t i o n  o c cu rr ed  in  rhe z in c  r e d u c t i o n  
r e a c t i o n ,  any i n t e r p r e t a t i o n  o f  the  s t e r e o c h e m is tr y  would  
be q u i t e  c o m p l ic a t e d .  The e q u i l i b r a t i o n  may p o s s i b l y  be  
the r e s u l t  o f  th e  amount o f  k e to n e  p r e s e n t  because o f  t h e  
low r e a c t i v i t y  o f  the z in c  r e a g e n t s .  However, i t  i s  
i n t e r e s t i n g  t o  note  th a t  the  v a l u e s  reported  f o r  th e  z i n c  
r e d u c t io n  a r e  maximum v a lu e s  f o r  the  % (E ) -r e d u c t io n  
product .  T h is  i n d i c a t e s  t h a t  t h e  s t e r i c  i n t e r a c t i o n s  
have i n c r e a s e d  more d r a s t i c a l l y  than w i th  cadmium. T h is  
i s  not  e x p e c t e d  in  terms o f  t h e  model used above.
The e f f e c t  o f  ha lo gen  on the  s t e r e o c h e m is t r y  o f  
Grignard r e d u c t i o n  can be e x p l a i n e d  on the b a s i s  o f  
e l e c t r o n e g a t i v i t i e s .  The magnesium atom in  the  case  o f  
propylmagnesium bromide sh ou ld  be more p o s i t i v e  than i n
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propylmagnesium io d id e .  This would tend to  sh o rten  the  
Mg-0 bond d i s t a n c e  and t i g h t e n  t h e  t r a n s i t i o n  s t a t e .
Thus, M a r s h a l l ’s model would p r e d i c t  more a x i a l  a t t a c k  
w ith  propylmagnesium bromide than  w i th  propylmagnesium 
i o d i d e ,  and indeed t h i s  i s  the  c a s e .
The change in  r a t i o  o f  a d d i t i o n / r e d u c t i o n  i n  t h e  
propylmagnesium bromide r e a c t i o n  w i th  a lowering o f  th e  
c o n c e n t r a t i o n  may r e f l e c t  the d i f f e r e n c e  in k i n e t i c  order  





r a te  o f  r e d u c t i o n  = k. [ketone] [Grignard]





v c f h  o 7
r a te  o f  a d d i t i o n  = k [ketone] [Grignard]
a .
A(Z ),  A(S)
I t  i s  se en  from the  r a t e  eq u a t io n s  f o r  a d d i t i o n  
(assuming t e r m o le c u la r  k i n e t i c s  as observed f o r  the  r e a c t i o n  
o f  CH3MgBr w i t h  benzophenone'7^) t h a t  t h e  e f f e c t  o f  l o w e r in g  
the c o n c e n t r a t i o n  o f  the  Grignard r e a g e n t  would have a more 
pronounced e f f e c t  on the  r a te  o f  a d d i t i o n .  Thus one would  
p r e d i c t  t h a t  t h e  r a t i o  o f  a d d i t i o n  t o  r e d u c t io n  would 
d e c r e a se  a s  th e  c o n c e n tr a t io n  i s  lo w e re d .
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Because o f  th e  e f f e c t s  s e e n  i n  the  4 - _ t - b u t y lc y c lo -
hexanone r e a c t i o n s ,  s t e r e o c h e m ic a l  i n v e s t i g a t i o n s  i n t o
a d d i t io n  o f  in  s i t u  d im ethyl  cadmium r e a g e n t s  to  an a c y c l i c
aldehyde s e r i e s  were conducted.  I t  i s  w e l l  known t h a t
a d d i t io n  o f  an o r g a n c m e t a l l i c  compound t o  an a c y c l i c
aldehyde w i th  an a d j a c e n t  asymmetric carbon can g i v e
54r i s e  to  d i a s t e r e o m e r i c  produ cts .
R 0
i H










R] e r y th r o
R S th r a oS R
The s y s te m s  i n v e s t i g a t e d  were 2-phenyipropanal  
(R=CKU), 2 - p h e n y lb u t a n a l  (R=C9H^), and 3 -m e th y I -2 -p h e n y l -  
butanal  (R^-C^H-,)  . The r e a c t i o n s  were c a r r i e d  out in  such  
a manner t h a t  t h e  number o f  t r a n s f e r a b l e  methyl groups was 
held  c o n s t a n t .  Thus, f o r  a mole o f  a ld e h y d e ,  th e r e  was 
introduced one m ole  o f  dime thy 1 cadmium; 2 moles o f  Grignard  
or methylcadmium h a l i d e .  The r e s u l t s  o f  the  experim ents  
are l i s t e d  i n  T a b le  8 .  The v a lu e s  f o r  th e  r e a c t i o n s  o f  
d im e th y lz in c  a r e  reproduced from R e fer en ce  53.
S e v e r a l  g e n e r a l  o b s e r v a t io n s  can be noted from 
in s p e c t i o n  o f  t h e  T ab le .
1. In c o n t r a s t  t o  t h e  ketone r e a c t i o n s  s t u d i e d ,  the  
r e a c t i v i t y  w i t h  a ld e h y d e s  i s  independent  o f  h a lo g e n ,
and CH-.CaX or CH^ZnX are  as r e a c t i v e  as  th e  co rresp o n d in g  
dimethyl  r e a g e n t s .
2. The s e l e c t i v i t y  i n  the 2 -ph en y lpropan a l  and b u ta n a l  
r e a c t io n s  f o l l o w s  the  order: Mg Cd Zn.











T a b le  8
R e a c tio n  o f  O rg a n o m e ta lllc  Reagents w ith  V a rio u s  A c y c lic  A ld e h yd e s .
S u b s t r a t e  R e a g e n t  M %~ E ry t h r o ^  %-T h r e o  % Unchanged  Aldt
C6H5 CHCHO CH^Mgl 0 . 8  M 6 4 . 3  3 5 . 7  1
CH„3





C6H5 CHCHO (CII3 ) 2 Cd ( 1 , 1 )
c m
0 . 8  M 6 9 . 5  3 0 .5
0 . 4  M 6 1 . 1  3 8 .9
C6Hr ClIf:u0 (CII3 ) 2 Cd ( E r , E r )  0 . 4  M 5 9 . 8  4 0 . 2
J cii3
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Subs  t r a  t e
CrHc CHCHO o 5 i
ch( ch3 ) 2
R eagent  
(CH3 ) 2 Cd ( 1 , 1 )
M
0 . 4  M 3 2 . 5
%-Eryth.ro 7,-Thr e o % Unchanged Al dehyde
6 7 . 5  1
C6H5 CIICHO (CH3 ) 2 Cd ( I , B r )
ch( ci-i3 ) 2
CrHrCIICB.O ( C H .) 0Zn ( 1 , 1 )b j |  - o A
ch( ch3 ) 2
0 . 4  M 2 9 . 3
0 . 3  M 3 6 . 3
7 0 .7
6 3 . 3
CHCHO i-P rM g B r
c r ( ch3 ) 2
0 . 8  M 64 . 2 3 6 . 8
Zn r e a c t i o n s  c a r r i e d  o u t  by E. J .  G o l l e r  ( R e f .  5 3 ) .  
^ V alu es  r e p r o d u c ’M e  \y i t l i in  1" 1% on s e p a r a t e  r e a c t i o n  runs
C m .Two m olar  e q u i v a l e n t s  o f  (CII3 ) 2 Cd t o  one o f  a l d e h y d e .
110
i l l
3.  P r e f e r e n t i a l  form ation o f  th e  e r y t h r o  isomer was o b serv ed  
with  a i l  t h e  m eth y l  " r ea g en ts , e x c e p t  in  th e  3 -m ethy l- 2 -  
ph en y lbu tana l  r e a c t i o n s .
4 .  The s e l e c t i v i t y  in  the 3 - m e t h y l - 2 - p h e n y lb u t a n a l  r e a c ­
t i o n s  f o l l o w s  th e  order:  Cd Zn Mg.
5. The s t e r e o c h e m i s t r y  o f  a d d i t i o n  i n  th e  cadmium and z i n c  
r e a c t i o n s  was independent o f  h a l o g e n  e x c e p t  in  the case  o f  
CH3CdX ( I ,  C l ) ,  CH3ZnX ( I ,  C l ) ,  and ( C H ^ Z n  ( I ,  C l ) .
6 . I n c r e a s i n g  th e  number o f  e q u i v a l e n t s  o f  dimethyicadmium  
p r e sen t  has no e f f e c t  on the  s t e r e o c h e m i s t r y  o f  the a d d i t i o n  
p r o d u c t s .
7 . S t e r e o c h e m i s t r y  of  Grignard r e a c t i o n s  a re  dependent on 
halogen  but n o t  c o n c e n t r a t io n .
8 .  M e t h y iz in c  r e a g e n ts  prepared from m e th y l ! i th iu m  are  
u n r e a c t i v e .
B e fo r e  any c o n c lu s io n s  ab o u t  th e  experim enta l  
r e s u l t s  a re  s o u g h t ,  the a v a i l a b l e  methods o f  i n t e r p r e t i n g  
the  r e a c t i o n s  must be un d ers to o d .  The o r i g i n a l  i n v e s t i g a ­
t i o n  i n t o  t h e  s t e r e o c h e m i s t r y  o f  a d d i t i o n  t o  a c y c l i c  ketone's  
and a ld e h y d es  was conducted by D. J .  Cram and h i s  c o l l a b o r a ­
t o r s . * ^  From t h i s  e a r ly  work Cram proposed a tra n s i t io n -  
s t a t e  model w h ich  ex p la in ed  the  r e s u l t s  he o b ta in ed ,  and 
t h i s  l e d  t o  what i s  commonly known as  Cram's Rule. The 
r u le  s t a t e s  t h a t  when an asym m etric  carbon atom i s  so 
o r ie n t e d  t h a t  t h e  carbonyl  f u n c t i o n  i s  f la n k e d  by the  
two s m a l l e r  groups  (S and M) a t t a c h e d  t o  the  asymmetric  
carbon atom, t h e  reagent  (R'X) p r e f e r e n t i a l l y  approaches  
the carb ony l  group from the  s i d e  o f  S. This  model a p p l i e s  
only  t o  r e a c t i o n s  t h a t  are k i n e t i c a l l y  c o n t r o l l e d .






Karabatsos  l a t e r  p o i n t e d  out  d i s c r e p a n c ie s
the  Cram model and p r e sen ted  one o f  h i s  own, which l i k e ­
w ise  was b a sed  on the a ssu m p t io n  t h a t  l i t t l e  bond b r e a k in g  
and making had occurred in  t h e  t r a n s i t i o n  s t a t e  ( r e a c t a n t -  
l i k e )  . Consequent ly ,  he assumed t h a t  the c o n fo rm a t io n a l  
arrangement o f  the  groups on t h e  asymmetric carbon atom
w ith  r e s p e c t  t o  the  carb ony l  was s i m i l a r  to  t h a t  about  
9 3
sp “ -sp  carbon-carbon bonds.  From nmr data o f  a c y c l i c  
a l d e h y d e s ,  he  su gges ted  t h a t  t h e  conform ations o f  t h e  
p r e f e r r e d  t r a n s i t i o n  s t a t e s  h a v e  e i t h e r  M (KA ) or L (KB ) 
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K arab atsos  assumed t h a t  the  incoming rV 1 i s  
c l o s e s t  to  S f o r  s t e r i c  reasons  (KA and KB ) .  The t r a n s i ­
t i o n  s t a t e  KA i s  p r e fe rr e d  over  KB because  i t  in v o lv e s  
the s m a l le r  e c l i p s i n g  i n t e r a c t i o n  o f  the  c a rb o n y l .  The 
c o r r e l a t i o n  b e tw e en  nnr data and the  product  r a t i o s  i s  
q u i te  good i n  many c a s e s .
84C h eres t  and F e lk in  have c r i t i c i z e d  t h i s  i n t e r ­
p r e t a t i o n ,  s t a t i n g  th a t  as R becomes p r o g r e s s i v e l y  more 
bulky,  more s t r a i n  occurs in  KA and hence  d e s t a b i l i z e s  
i t  w i th  r e s p e c t  to.  KB , which l e a d s  t o  the  d ia s te r e o m e r ic  
product .  This  im p l i e s  th a t  the  b u l k i e r  R becomes,  the  
l e s s  s t e r e o s e l e c t i v e  the r e a c t i o n  should  b e .  However,
LiAlH, r e d u c t i o n  o f  a s e r i e s  o f  k e to n e s  where R was madeLL
more bu lky  d id  n o t  become l e s s  s e l e c t i v e  but more s e l e c t i v e .  
To accommodate t h i s  in fo r m a tion ,  C heres t  and F e l k i n  p r e s e n t e  
a model based on s e v e r a l  a ssu m p t io n s .
1.  The r e a c t i o n s  are  r e a c t a n t - l i k e  and not p rodu ct -
l i k e  .
2 .  T o r s i o n a l  s t r a i n  i n v o l v i n g  p a r t i a l  bonds ( i n  
the  t r a n s i t i o n  s t a t e )  are assumed t o  r e p r e s e n t  a c o n s id e r a b l  
f r a c t i o n  o f  t h e  s t r a i n  between f u l l y - f o r m e d  bonds,  even when 
the d egree  o f  bon d in g  i s  q u i t e  low.
3 .  The important s t e r i c  i n t e r a c t i o n s  i n v o l v e  R 
and R' r a t h e r  than the  carbonyl  oxygen.
4 .  P o l a r  e f f e c t s  s t a b i l i z e  t r a n s i t i o n  s t a t e s  i n  
which s e p a r a t i o n  between R!‘ ' and e l e c t r o n e g a t i v e  groups  
i s  g r e a t e s t  and d e s t a b i l i z e s  o t h e r s .
These assum p tion s  imply a p r e fe r r e d  s ta g g e r e d  
conform ation  f o r  th e  t r a n s i t i o n  s t a t e s ,  where th e  a t t a c k i n g  
R1 comes in  a n t i  to  the l a r g e s t  group L. On t h i s  b a s i s ,
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t h e  l e a s t  s t r a i n e d  o f  t h e  s i x  p o s s i b l e  s t a g g e r e d  c o n fo rm a ­
t i o n s  i s  A, , f o l l o w e d  by  B, and t h e n  . A, l e a d s  t o  1 i  z 1
e r y t h r o  p r o d u c t ,  w h i l e  t h e  l a t t e r  two g i v e  t h r e e  i s o m e r .  
These  models e x p l a i n  t h e  i n c r e a s e  i n  s e l e c t i v i t y  a s  R i s  






Ai  Bi  B:
im p o r ta n c e  i n  t h e  sy s te m s  we have  s t u d i e d  b e c a u s e  o f  t h e  
e l e c t r o n i c  r e p u l s i o n  o f  t h e  pheny l  g roup  w i t h  t h e  c a r b o n y l  
and  R' . T h e r e f o r e ,  t r a n s i t i o n  s t a t e s  A, and B, must1 JL
b e  c o n s i d e r e d  i n  t h e  a n a l y s i s  o f  t h e  e x p e r i m e n t a l  d a t a  
o b s e r v e d  i n  t h e  r e a c t i o n s  l i s t e d  i n  T ab le  8.
I t  c an  b e  s e e n  f ro m  t r a n s i t i o n  s t a t e s  3 8 ^  s.nd 33g^ 
t h a t  t h e  i n t e r a c t i o n s  o f  R ' w i t h  S and M a r e  t h e  same i n
e a c h  c a s e .  The p r e d o m in a n t  f a c t o r s  a f f e c t i n g  t h e  s t e r e o c h e m ­
i s t r y  a r e  t h e  M-0 and R-M i n t e r a c t i o n s .  T h is  p r e d i c t s  
t h a t  th e  s t e r e o c h e m i s t r y  would be i n d e p e n d e n t  o f  R ;f \  The 
e f f e c t  o f  v a r y i n g  R^ 1 c o u ld  a f f e c t  t h e  d i h e d r a l  a n g l e  
be tw een  R :M and S o r  M. T h is  would i n f l u e n c e  t h e  t o r s i o n a l
s t r a i n  o f  M and S w i t h  R and th e  c a r b o n y l  oxygen .  I n c r e a s i n g
t h e  b u l k  o f  R!< ' c o u ld  d e s t a b i l i z e  38-p- r e l a t i v e  t o  33 a,u  i *• -*• j
(M-R i n t e r a c t i o n s  c o n s i d e r e d  most  i m p o r t a n t ) ,  i f  t h e  d i h e d r a l  
a n g l e s  were a f f e c t e d „
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The s t e r e o c h e m i s t r y  in the Grignard r e a c t io n s  w ith  
2-phenylpropanal  was dependent o f  the  h a lo g e n  p r e se n t .  
Methylmagnesium bromide was observed to  be  more s e l e c t i v e  
(more erv thro )  than  the  comparable methylmagnesium io d i d e .  
According to  the  arguments above,  t h i s  c o u ld  mean that  the  
methylmagnesium bromide was more bu lky  th a n  th e  methyl­
magnesium i o d i d e .  The a s s o c i a t i o n  data  (mentioned in the  
4-_t-buty lcyc lohexanone  d i s c u s s i o n )  i n d i c a t e  t h a t  m ethyl­
magnesium bromide i s  l e s s  a s s o c i a t e d  than  methylmagnesium 
i o d id e .  This  would n o t  a t  f i r s t  seem t o  f i t  the  a n a l y s i s  
descr ib ed  above.
Consider t h e  s i x - c e n t e r  t r a n s i t i o n  s t a t e s  fo r  the  
Grignard r e a c t i o n s .  The r e s u l t s  i n d i c a t e  t h a t  when X=Br,
CH
3" > g X
° '  \i' CH, x






v  . . . a \  ,  .  (39>
H
( erytb .ro)  ( threo)
the p r e fe re n c e  f o r  t r a n s i t i o n  s t a t e  3 9 ^  i s  g r e a t e r  than 
when X=I. The o b s e r v a t i o n s  can be e x p l a in e d  i f  one 
cons iders  th a t  th e  M-0 i n t e r a c t i o n  i n  methylmagnesium 
iod ide  r e a c t i o n  has in c r e a se d  over  t h a t  f o r  th e  m ethyl­
magnesium bromide. I f  the  methylmagnesium io d id e  t r a n s i ­
t i o n  s t a t e  i s  more a s s o c i a t e d  (based on e le c t r o n - d o n a t o r  
a b i l i t y  and a s s o c i a t i o n  d a ta ) ,  i t  might be expected  t h a t  «
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i n t e r a c t i o n  i n v o l v i n g  M could  i n c r e a s e  when X-I as compared 
to  th a t  where X=Br. This could be c l a s s i f i e d  as an K-0 
i n t e r a c t i o n .
The r e s u l t s  obtained from t h e  cadmium and z in c  
r e a c t io n s  can be analyzed in  the same manner. The 
exper im enta l  r e s u l t s  in d ic a t e  t h a t  th e  r e a c t i o n s  are  
l e s s  s t e r e o s e l e c t i v e  with cadmium and e s p e c i a l l y  z in c  
reagents  on t h e  2-phenylpropanal  s y s t e m .  Considering  
the arguments based  on the bulk o f  R1"”, the  data i n d i c a t e  
that  the  cadmium and zinc  t r a n s i t i o n  s t a t e s  are l e s s  
bulky than w i t h  the  Grignard r e a g e n t s .  Consider the  
s i x - c e n t e r  t r a n s i t i o n  s t a t e s  f o r  t h i s  r e a c t i o n .  For
CH. CH,
CHU X 





C/H6 c (4 0 )
the case  o f  cadmium r e a g e n ts ,  the t r a n s i t i o n  s t a t e  would be  
expected  t o  be l o o s e r  because o f  t h e  in c r e a s e  in  a tom ic  s i z e  
and i n c r e a s e  i n  bond d i s t a n c e s .  T h is  e f f e c t ,  in  terms o f  
i n c r e a s in g  th e  b u lk  o f  R1 as m ent ioned  i n  the Grignard s y s ­
tem, and d e c r e a s i n g  the K-0 i n t e r a c t i o n ,  would p r e d i c t  t h a t  
the r e a c t i o n  sh ou ld  produce more e r v t h r o  than noted i n  t h e  
Grignard r e a c t i o n s .  A s i m i l a r  a n a l y s i s  o f  the z in c  r e a c t i o n s
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f o r  a s i x - c e n t e r  mechanism does not  f i t  the  exper im en ta l  
r e s u l t s .  A nother  i n d i c a t i o n  t h a t  th e  mechanism i s  not  
s i x - c e n t e r  i s  th e  o b s e r v a t io n  t h a t  the  s t e r e o c h e m is t r y  
was ind ep en dent  o f  ha logen ,  which would not be e x p e c te d .
On t h e  c o n tr a r y ,  the  r e s u l t s  can be e x p la in ed  by 
a f o u r - c e n t e r  mechanism, w ith  c o n s i d e r a t i o n  to  changes o f  
the  M-0 i n t e r a c t i o n .  As the M-0 i n t e r a c t i o n  i n c r e a s e s ,  i t  
would be p r e d i c t e d  from the F e l k i n  model th a t  more threo  
product sh o u ld  be produced ( l e s s  s t e r e o e l e c t i v e ) . The 



















s t a t e  the  cadmium or  z inc  m eta l  i s  c o o r d in a t in g  w i th  the  
carbonyl  oxygen and p o s s i b l y  producing  i n t e r a c t i o n  w i th  
the  M group i n  t r a n s i t i o n  s t a t e  41^, r e l a t i v e  to  4-]^ , 
where the  i n t e r a c t i o n  i s  between cadmium and the sm al l  
group S .
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The l e s s  s e l e c t i v e  r e a c t i o n  w i th  the  organoz inc  
reagents  i n d i c a t e s  t h a t  the t r a n s i t i o n  s t a t e  must be 
cons id ered  e i t h e r  more bulky than w i th  cadmium (PM’ ; or  
th a t  the M-0 i n t e r a c t i o n  has i n c r e a s e d .  The a n a l y s i s  o f  
r e s u l t s  i n  th e  Grignard d i s c u s s i o n  i s  not  c o n s i s t e n t  w i th  
the s i x - c e n t e r  mechanism fo r  t h i s  c a s e .  However, the  
f o u r - c e n t e r  mechanism p r e d i c t s  t h a t  the  e x p e c te d  s h o r t e r  • 
Zn-0 bond d i s t a n c e  i n  the  t r a n s i t i o n  s t a t e  cou ld  p o s s i b l y  
produce more M-0 i n t e r a c t i o n  than w i th  th e  cadmium r e a g e n t .  
This would f i t  t h e  exp er im en ta l  o b s e r v a t i o n s .
F e l k i n  p r e d i c t s  th a t  as M i s  made b u l k i e r  in
th ese  sy s te m s ,  where L i s  phenyl and S i s  hydrogen,  the
r e a c t io n  becomes more s e l e c t i v e .  A n a l y s i s  w i t h  h i s
model e x p l a in s  why, i n  the  hyd r id e  r e d u c t io n s  o f  a s e r i e s
o f  i so p r o p y l  k e t o n e s  ( R = i - P r ) , the  r a t i o  o f  isom ers
84in c r e a s e s  from 5 where M=CH2 ? t o  10 where M=i-Pr.  Id  
i s  expected  t h a t  as  M i s  v a r ie d  t o  e t h y l  and i s o p r o p y l ,  
the  M-R (R=H) i n t e r a c t i o n s  in  th e  s e r i e s  l i s t e d  i n  Table  8 
would i n c r e a s e  i n  3 8 ^ , ,  and thus more e r y th r o  product  would 
r e s u l t .  However, t h e s e  i n t e r a c t i o n s  are  not  e x p e c ted  to  
be v a s t l y  d i f f e r e n t ,  and i f  th e  M-0 i n t e r a c t i o n  were 
important,  j u s t  t h e  o p p o s i t e  e f f e c t - - l o s s  o f  s t e r e o s e l e c t i v -  
i t y - - c o u l d  be o b ser v ed .
The e x p e r im e n ta l  r e s u l t s  ob ta in ed  by v a r y in g  M from 
methyl t o  e t h y l  (T ab le  8) i n d i c a t e  t h a t  th e r e  i s  no 
d i f f e r e n c e  i n  the  s e l e c t i v i t y  o f  e i t h e r  the  Grignard,  
cadmium or z in c  r e a g e n t s  f o r  the two a ld e h y d e s .  The 
experim enta l  r e s u l t s  o f  the r e a c t i o n s  w i th  t h e  a ldehyde  
where M=i-Pr a r e  q u i t e  i n t e r e s t i n g .  By use  o f  Cram’s 
Rule, or Karabatsos or  F e l k i n :s m ode ls ,  one would p r e d i c t  
th a t  the e ry th r o  isom er should be the  predominant one
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produced. However, i t  has been observed t h a t  the  threo  
isomer was the major product  even with  the  Grignard 
r e a g e n t s .  I t  i s  i n t e r e s t i n g  to  n o t i c e  t h a t  now the  
z in c  and cadmium r e a g e n t s  are  more s t e r e o s e l e c t i v e ,  
producing the  threo  isomer as the  major pro d u ct .
The on ly  means o f  e x p l a in i n g  t h e s e  r e s u l t s  
a c co rd in g  t o  the F e l k i n  model must i n v o l v e  the  M-G 
i n t e r a c t i o n s  as c o n t r o l l i n g  the  s t e r e o c h e m i s t r y  o f  
a d d i t i o n .  In the c a se  where M-jL-Pr, the  M-0 i n t e r a c t i o n  
in  the f o u r - c e n t e r  mechanism could be q u i t e  g r e a t  f o r  
the  4 1 ^  t r a n s i t i o n  s t a t e .  This would p r e d i c t  form at ion  
o f  more th r eo  product  r e l a t i v e  t o  the  Grignard s i x - c e n t e r  
t r a n s i t i o n  s t a t e .  Because o f  the  fo rm a t io n  o f  threo  
product even  from the  Grignard r e a c t i o n s ,  i t  can be 
p o s t u l a t e d  t h a t  the  M-0 i n t e r a c t i o n  i s  im portant  even  
in  the  c a s e  o f  the s i x - c e n t e r  t r a n s i t i o n  s t a t e .  This  
r e v e r s a l  o f  s e l e c t i v i t y  i s  not  e a s i l y  e x p la in e d  on the  
b a s i s  o f  a s i x - c e n t e r  mechanism.
I t  i s  i n t e r e s t i n g  t o  note  t h a t  when i s o p r o p y l -
magnesium bromide was a l lo w e d  to  r e a c t  w i t h  3 - m e th y l - 2 -
p h en y lb u ta n a l ,  the e r y th r o  isomer was the  major p rodu ct .
The v a l u e s  o b ta in ed  were i n  good agreement w i th  p r e v i o u s l y
6 7r ep o rted  p e r c e n t a g e s .  I t  seems unusual  t h a t  such a 
d i f f e r e n c e  between methyl  and propyl  Grignard rea g e n ts  
occu rred ,  but i t  i s  i n  l i n e  w ith  d i f f e r e n c e s  between  
methyl  and propyl  Grignard r eag en ts  in  th e  r e a c t i o n s  w i th  
4 - t - b u t y l c y c l o h e x a n o n e  as  w e l l .
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